
DOE/EH-0486 

Integrating Safety and Health 
During Deactivation 

With Lessons Learned From PUREX 

September 29,1995 

U. S. DEPARTMENT OFENERGY 
Assistant Secretary for Environment, Safety and Health 

Office of the Deputy Assistant Secretary for Worker Health and Safety 
Washington, DC 20585 





Foreword 

Foreword 

This report summarizes an integrsted safety and health approach used during facility deactivation 
activities at the Department of Energy (DOE) Plutonium-Uranium Extraction (PUREX) Facility 
in Hanford, Washington. Resulting safety and health improvements and the potential, complex- 
wide application of this approach are discussed in this report through a description of i;t 
components and the impacts, or lessons-learned, of its use during the PUEX deactivation project. 
As a means of developing and implementing the integrated safety and health approach, th 
PUREX technical partnership was established in 1993 among the Office of Environment, Safety 
and Health’s Office of Worker Health and Safety (EH-5); the Office of Environmenth 
Management’s Offices of Nuclear Material and Facility Stabilization (EM-60) and Compliance 
and Program Coordination (EM-20); the DOE Richlad Opexations Office; and the Westinghouse 
Hanford Company. 

DOE and DOE contractor project managers, safety and health professionals, engineers ad 
workers who are responsible for the planning, management and exechn of deactivation activities 
should glean important safety and health insights from the PUREX deactivation project. These 
insights have demonstrated the importance, cost-effectiveness and practicability of integratig 
safety and health elements into all phases of deactivation project planning and work. 

We believe that this report will provide guidance for instituting an integrated safety and heah 
approach not only for deactivation activities, but for decomniissioa and other clean-up activities 
as well. Our confidence is based largely upon the rationality of the approach, often termed si 
common sense, and the measurable safety and health and project performance results thti 
application of the approach produced during actual deactivation work at the PUREX Facility. 

Therefore, to help enswe hat safety and health are priorities to be efficiently improved upon and 
maintained during all work-related activities, we encourage DOE and DOE contract0 
management and staff to incorporak the safety and health insights described in this report as part 
of their work planning and execution activities.0 
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Definitions 

Def i n i tio ns 

Deactivation: The process of placing a facility in a safe andstable condition to minimize the long- 
term cost of a surveillance and maintenance progam that is protective of workers, the public, and 
the environment until decommissioning is complde. Actions include the removal of fbel, draining 
and/or de-energizing of non-essential systems, removal of stored radioactive and hazardoa 
materials and related actions. As the bridge between operations ad decommissioning, based upon 
facility-specific considerations and final disposibn plans, deactivation can accomplish operations- 
l i e  activities such as final process runs, and also decontamination activities aimed at placing the 
facility in a safe and stable condition! 

Decommissioning: Takes place after deactivation and includes surveillance and maintenance 
decontamination, and/or dismantlement. These actions are taken at the end of the life of tk 
facility to retire it fom service with adequate regard for the health and safety of workers and the 
public and protection of the environment. The ultimate goal of decommissioning is unrestricted 
release or restricted use of the site! 

Decontamination: The removal or reduction of radioactive or hazardous contamination frm 
facilities, equipment, or soils by wzhing, heating, chemical or electrochemical action, mechanical 
cleaning or other techniques to achieve a stated objective or end condition’. 

Dismantlement: The disassembly or demolition and removal of any structure, system, D 
component during decodssioning and satisfactory interim or long-term disposal of the residue 
from all or portions of the facility! 

End-Point Criteria: The defined objective(s) or goal(s) that represent the agreed upon f a d $  
condition to be achieved at the completion of the deactivation phase. 

Facilities: Buildings and other structures, th6r functional systems and equipment, and other fixed 
systems and equipment installed therein; outside plant, including site development features such 
as landscaping, roads, walks, and parking areas; outside lighting and communication system 
central utility plants; utilities supply and distribution systems; and other physical plant featurek. 

Failure Mode and Effects Analysis (FMEA) A reliability analysisused to determine how long 
a piece of complex equipnent will operate satisfactorily and to determine what the effects of any 
failure of individual components might be? 

Graded Approach: A process that assures safety analysis and documentation preparation i 
commensurate with the magnitude of the hazards being addressed and the complexity of th 
facility and/or systems being relied on to maintain an acceptable level of risk. 

Health and Safety Plan (HASP). An Occupational Safety and Health Administration (OSHP) 
requirement that requires employers to document their health and safety program as it applies to 
a specific hazardous waste site cleanup. Among other things, it must also contain a work phi 

US. Department of Energy Office of Environmental Management, “Decommissioning Resource Manual,” August 1995, 
page 3-3 

Hammer, Willie,Occupational Safety Management and Engineering, 4th edition, 1989, Prentice Hall, New Jersey, p@s. * 
555-556 
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which details how work is to be conducted on the site, procedures for safety and health, an& 
description of the hazards (and their controls) found on the site. 

Hazard: A source of danger (i.e., material, energy source, or 0peration)with the potential to cause 
illness, injury, or death to personnel, or damage to afacility or the environment without regard for 
the likelihood or credibility of accident scenarios or consequence mitigation. 

Hazards Checklist: A technique/tool that is used to evaluate the type, and perceived severity of 
hazards that may be present for a given activity or work task. Common hazards are listed %i 

criteria or questions, as well as hazard characteristics andexperience related to the activity. These 
form the basis of the checklist. The checklist is used to help determine the technique and level of 
effort for future task-based hazard analyses. 

Hazard and Operability Study (HAZOP) Structured reviews of a process to determine tle 
response of systems to deviaticns from design parameters. The technique uses guide words such 
as NO or NOT, MORE, LESS, AS WELL AS, PART OF, REVERSE and OTHER THAN 
These words are couged to design parameters, such as temperature, pressure and valve position 
to describe deviations. 

Job Hazard Analysis. An analysis of procedurally controlled activities that uses developel 
procedures as a guide to address and consider the hazardsdue to any exposures present during 
implementation of (job) procedures, the use and possible misuse of tools and other suppot 
equipment required by the procedures, and the behavioral motivations of the people performing 
them. 

Preliminary Hazard Analysis (PHA) An initial study from which analysis efforts can be expanded 
further. It is fairly broad in scope, investigates what hazards might be present, whether they can 
be eliminated entirely, or controlled. If the hazardcannot be eliminated, the analyst determines 
whether there are standards or methock by which the hazard could/should, or must be controlled. 
A review is made of the functions to be performed and whether the environments in which they 
must be performed will have any adverse effects on personnel, equipme4 facilities, or operations? 

Safety Analysis Report (SAR): A report that documents the adequacy of safety analyses fom 
nuclearhon-nuclear facility to ensure that the facility can be constructed, operated, maintained, 
shut down and decommissioned safely and is in compliance with applicable laws and regulations. 

Safety and Health: As defined in this report, a conditional state in which both the public ad 
workers are free fiom harm. It is also defined as the pracrtce and application of techniques to help 
prevent illness, injury, death and property loss as a result of unintentional and undesirald 
conditions and acts. 

Safety Authorization Basis The combination of information relating to the control of hazards at 
a facility (including design, engineering analyses, and administrative controls) upon which DOE 
depends for its conclusion that activities at the facility can be conducted safely. 

Safety-Critical Items: Equipment, systems, or components that are necessary to prevent B) 
mitigate the harmful consequences of hazardous materials release. 

Hammer, Willie,Occupational Sufefy Management and Engineering4th edition, 1989, Prentice Hall, New Jersey, p.p.s. 
552-553 
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Definitions 

Standards: As defined by the Department’s Standards Committee, standards include “Federql 
state, and local laws and regulations; Department Orders; nahnally and internationally recognized 
standards; and other documents (such as industrial standards) that protectthe environment and 
the safety and health of our workers and the public.” 

Surveillance and Maintenance (S&M):A program established during deactivation and continuing 
until phased out during decommissioning to provide c o n t a h n t  of contamination, physical safety 
and security controls and maintenance of the facility in a cost-effective manner that is protective 
of workers, the public and the environment! 

Task-Based Hazard Analysis. An approach that focuses the hazard analysis process for wok 
tasks, using a Job Hazard Analysis (MA), Hazards Checklist, HAZOPFMEA or other techniques 
that are appropriate based on task complexity and hazards. 

Unreviewed Safety Question (USQ): A process to allow contractors to make physical a d  
procedural changes and to corduct tests and experiments without prior DOE approval as long as 
the changes do not explicitly or implicitly affect the safety authorization basis of the facility. tI 
also requires that issues with a potentialimpact to the safety authorization basis be brought to the 
attention of DOE. 

USQ Screening Process: A technique/tool that uses a checklist approach to help determine f 
suggested changes require a full USQ determination d any effect on the safety authorization basis 
of the facility. 

Work Task A discrete activity made upof procedures performed in steps to achieve an objective 
goal such as removal of plutonium from gloveboxes, removal of a chemical from a storage area 
or removal of asbestos from a facility area. 

U.S. Department of Energy Office of Environmental Management, “Decommissioning Resource Manual,” August 1995, 
page 3-4 
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Executive Summary 

Executive Summary 
As a result of the shift away from weaporr, 
production and research, the Department af 
Energy (DOE) has thousands of aging surplus 

use of multi-disciplinary project teams with 
worker participation. 

facilities that require disposition. This process 
begins with facility deactivation. Howevej 
because many of these facilities are old a d  
house varying quantities of hazardow 
materials, they pose significant safety ard 
health concerns. As a result, the Office af 
Worker Health and Safety (EH-5) established 
a technical partnership with the Office d 
Nuclear Material and Facility Stabilizatim 
(EM-60), the Office of Compliance a d  
Program Coordination (EM-20), the Richland 
Operations Ofice (E), ard the Westinghouse 
Hanford Company (WHC) in order b 
specifically address these concerns. T k  
technical partnership has been working since 
1993 to ensure cost-effective and sa6 
deactivation of the Plutonium-Uranin 
Extraction (PUREX) Facility at Hanfor4 
Washington. This effort produced importad 
insights and useful practices for integratirg 
safety and health into deactivation wok 
planning and executionat PUREX. The result 
has been reductions in project costs a d  
baseline schedule, as well as improvements in 
health and safety at PUREX. 

Because this approach is holistic a d  
comprehensive, these safety and healb 
practices can be applied to any deactivaticn 
activity, independent of the facility type a 
hazard. They are also applicable to other 
cleanup activities such as faciliq 
decommissioning (e.g., decontamination a d  
dismantlement) and site remediation. T k  
major safety and health practices aE 
summarized as follows: 

a graded approach to hazard analysis; 

involvement of safety and health personnel 
in project planning, engineering a d  
execution; and 

Graded Approach to Hazard Analysis 
Hazard analysis provides the fundamentd 
information to help determine the breadth and 
depth of safety and health activities, such 56 
radiation protection, exposure assessment 
medical surveillance and emergency response. 
Because deactivation projects vary in thek 
complexity and can potentially involve a wide 
variety of hazards, the activities necessary 0 
recognize, evaluate, communicate and control 
hazards must be tailored to address t k  
specifics of the deactivation work, hazard type 
and hazard severity level. This can be achieved 
through two important hazard analysk 
activities: a preliminary hazard analysis anda 
task-based hazard analysis. 

Preliminary Hazard Analysis. The 
preliminary hazad analysis is the initial step in 
assessing deactivation project hazards 
Performance of this activiy can reduce project 
costs by providing important hazarck 
information required for several activities 
These include: planning and scheduling d 
deactivation tasks; determinatbn of applicable 
environmental, safety and health standards 
assessment of engineering and technolog 
options; establishment of hazard controls; and 
evaluation of potential safety bask 
documentation impacts including necessaxy 
upgrades and opportunities for integration d 
various safety documents (e.g., safety analysis 
and health and safety plans). 

The level of effort required to conduct a 
preliminary hazard analysis is dependent upon 
the condition of the facility, the availability and 
quality of facility records and safe37 
documentation and the hazards remaining n 
the facility. This analysis will require reviews 
of facility records, the performance of a 
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physical survey of the facility and ill 
evaluation of results. 

Task-Based Hazard Analysis. Because 
deactivation can consist of many one-time and 
repetitive work tasks, a task-based hazanl 
analysis should be conducted to determire 
potential preventive and protective measurcs 
needed for each type of work task. Thk 
analysis can be graded because work task 
vary in complexity and associated hazards. 

A graded approach can be accomplishd 
through a hazard screening process, which 
helps determine the hazard analysis techniques 
most appropriate for the work task. Tk 
hazard screening should result in one of t k  
following options: 

a simple hazard analysis such as a hazad 
checklist, or a review of the job steps bya 
few key personnel and workers if the tak 
to be performed is well mderstood (such as 
a task based on previously conductd 
routine maintenance-type activity); 

a more in-depth hazard analysis such asa 
job hazard analysis if the task is new, major 
changes in existing procedures have bem 
made, or procedures are to be performed in 
a new environment; and 

a more thorough systems-type hazad 
analysis such asa Failure Mode and Effects 
Analysis or Hazard ard Operability Study if 
the task is perceived to be hazardous a d  
complex. 

Involvement of Safety and Health 
Personnel in Project Planning, 
Engineering, and Execution 
Input from safety and health profcssionals n 
project planning, cngineering and executicn 
will help ensure that hazards are identified 
prevented and controlled in a cost-effectiw 
manner. Potential benefits include avoidanc 
of costly project overruns due to projcct 
upsets and stoppages; awidance of retrofits to 
safety documentation and procedurcq 

selection of work methods and technologig 
that have minimal adverse inpact to safety and 
health; and assurance that unforesean 
hazardous conditions will be identified a d  
addressed in a timely manner. 

Safety and Health During Planning ad  
Engineering. Several key activities should be 
performed to promote safety and healh 
integration during planning and engineerirg 
activities. These include: development c f  
necessary interfaces among the various safety 
and health disciplines and other project 
personnel; involvement of safety and healh 
personnel in developing project end-poid 
criteria and necessary project work tasks 
safety, health and worker input on t k  
selection of engineering technologies to tE 
used in deactivation; and the identification 6 
the DOE and external safety and healk 
standards that apply. 

Safety and Health Personnel Involvemeit 
During Project Execution During the 
execution of project tasks, the primary safep 
and health emphasis should be on monitorirg 
the adequacy of hazard controls and wok 
practices, and establishing a mechanism fa- 
capturing feedback from workers a b o ~  
changes in the condition of the wok 
environment, unforeseen hazardous mnditions, 
inadequate work procedures, or otha 
concerns. Important monitoring mechanism 
that should be incorporated into t k  
deactivation effort include activities such 5tj 
periodic walkdowns of the facility, daily prs 
job meetings and worker involvement n 
procedure reviews and worksite inspections 
Also, the Unreviewed Safety Question Process 
(USQ) is an important activity for assessirg 
the impacts that facility changesmay have on 
original safety basis assumptions 
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Executive Summary 

Use of Multi-disciplinary Project 
Teams with Worker Participation 
Multi-disciplinary project teams that incluck 
safety and health professionals, engineers 
occupational medical practitioners, worker 
representatives and management can help b 
improve overall safety and heaih performance. 
Establishing such teams in the initial stages of 
planning will enhance communication amoE 
project personnel, reduce possible duplications 
of project activities, and help integrate tlr 
identification and evaluation of all maja  
hazards. Project teams or subsets of the= 
teams should be used to identiii deactivaticn 
work tasks, develop projtxt schedule, evaluate 
hazards and recommend hazard control5 
prepare project safety documentation a d  
identifL applicabk safety and health standards. 

Involving workers on the team provides a 
mechanism for incorporating worker 
experience and knowledge of the Facility a d  
operations history. As  a result of their daik 
hands-on experience, workers may haw 
valuable information on how bestto prevent or 
minimize hazards. Also, at some DOE surplus 
facilities, the worker’s institutional knowledge 
of facility operations may bcthe only record of 
the changes niade at the facility. c1 
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1 .O Introduction 

1.0 Introduction 

1 .I Background on Deactivation as 
a Major DOE Mission 

A decline in the production of nuclear 
weapons has reduced the need for a number of 
DOE facilities. As a result, many facilities 
have been shutdown after decades of 
operation. In a recent survey led by the Office 
of Nuclear Material and Facility Stabilization 
(EM-60), the Surplus Facility Inventory and 
Assessment (SFI A) Project identilled some 
779 surplus Contaminated assets’. An 
additional 640 contaminated assets are likely 
to be classified as surplus by the next decade 
(404 assets before 1999). Another 3,271 
assets have been identified as “potentially 
surplus,” requiring further review. 

Many of these surplus assets, or facilities, are 
not only contaminated with radioactive and 
hazardous materials, but are also degraded 
requiring immediate attention. Additionally, 
many aged facilities do not meet today’s safety 
standards. Due to limited resources, the 
Department faces extraordinary challenges 
relative to the disposition of its inactive 
S U ~ ~ ~ U S  facilities. 

Deactivation is currently not included in the 
policy for decommissioning DOE facilities 
under CERCLA. 

Deactivation is a major component of 
dispositioning these facilities. The mission of 
deactivation is to place a facility in a safe and 
stable condition to reduce the long-term cost 
of surveillance and maintenance activities 
which are necessary until decommissioning is 
feasible. Deactivation may include activities 
such as the removal of surplus fuel, stored 

An asset, as defined in the SFIA Project, is a 
“buildingkitructureor a stand-alone tank.” Contaminatedis 
defined as having the “presence of a foreign substance 
which poses a safety, health, environmenta1,or regulatoy 
concern.” 

radioactive and hazardous materials, and the 
removal or consolidation of support systems, 
such as electrical circuits and ventilation 
systems. 

1.2 Establishment of a Technical 
Assistance Partnership 

As a result of safety and health concerns and 
the growing number of surplus facilities, a 
technical assistance partnership was 
established in 1993 between the Ofice of 
Worker Health and Safety (EH-5), EM-60, the 
Office of Compliance and Program 
Coordination (EM-20), the Richland 
Operations Ofice (E), and the Westinghouse 
Hanford Company (WHC). This partnership, 
helped achieve enhanced work planning and 
execution for deactivation of the Hanford 
Plutonium-Uranium Extraction (PUREX) 
facility and demonstrated the value of such a 
partnership-working together to identi@ the 
safest, most cost-effective solutions to 
dispositioning surplus assets. The PUREX 
technical assistance effort has provided 
valuable perspectives on how to address and 
integrate safety and health practices in a 
project setting such as deactivation. 

1.3 Purpose of This Report 
This report was developed to share the 
important safety and health practices and the 
lessons learned from PUREX with managers, 
safety and health professionals and workers 
who are responsible for deactivation projects. 

Section 2 describes the events that led to the 
decision to deactivate PUREX, the safety and 
health activities that were integrated into the 
PUREX deactivation project and some 
important lessons learned. Section 3 provides 
a discussion on the importance of safety and 
health integration during deactivation planning 
and project execution and the steps that are 
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necessary to accomplish this integration 
Examples of PUREX practices as they relate 
to integration activities are highlighted in text 
boxes throughout Section 3. Section 4 
provides a report summary. 

The report does not focus on all the elements 
of a comprehensive safety and health program. 
Some of these safety and health program 
elements are addressed by other headquarters 
guidance and activities such as the EH/EM 
HAZWOPER initiative and the EH Enhanced 
Work Planning Demonstration Project. Cl 

2 



2.0 Background and Lessons Learned From the PUREX Deactivation 

2.0 Backgroundand Lessons Learned From 
the PUREX Deactivation 

2.1 Background 
The PUREX Facility began operations in 1955 
specifically to reprocess nuclear fuel to liquid 
plutonium nitrate. As one of the largest and 
most efficient of DOE’S reprocessing plants, 
PUREX processed over half of the total pluto- 
nium output of the Hanford site. The facility 
operated in sequence with the Uranium Triox- 
ide (UO,) Plant, which converted the PUREX 
liquid uranium nitrate product to solid UO, 
powder. 

On July 12, 1990, President George Bush 
approved the Nuclear Weapons Stockpile 
Memorandum which stated that plutonium 
recovered in the PUREX Facility was no 
longer needed to support nuclear weapons 
requirements. As a result, Secretary of Energy 
Admiial James Watkins announced in October 
1990 that the PUREX Facility would be placed 
in standby mode and that an options study and 
an environmental impact statement would be 
prepared before the facility could be restarted 
again. However, on December 22, 1992, 
DOE issued a final shutdown for the PUREX 
and UO, facilities. 

In that same year, DOE initiated planning for 
the deactivation of PUREX and UO, facilities. 
Deactivation activities have primarily involved 
removing, reducing and stabilizing the 
radioactive and chemical materials remaining 
at the plants, shutting down utilities and 
reducing effluents. When deactivation is 
completed, the two plants will be unoccupied 
and locked, pending eventual decontamination 
and dismantlement. 

When the PUREX deactivation project began, 
the facility was rated as a Hazard Category 26 
with significant quantities of fissile and other 
hazardous materials. These included: 

approximately 208,000 gallons of slightly 
contaminated 1 0-molar nitric acid; 
approximately 2.87 metric tons of single- 
pass reactor fuel; 
approximately 6,000 gallons of plutonium- 
uranium solution in two process tanks; 

approximately 2 1,000 gallons of slightly 
contaminated organic solvent; and 

approximately 15 to 20 kg of plutonium- 
oxide material in the processing glove 
boxes. 

PUREX Facility 

The removal and disposition of these materials 
were identified early in the PUREX 

As definedin DOE-STD-1027-92,“Hazard Characteriza- 
tion and Accident Analysis Techniques for Compliana: 
with DOE 5480.23,”a hazard analysisthat shows the po- 
tential for significant on-site consequences (i.e., facilities 
with the potentialfor nuclear criticality events or with suffi- 
cient quantities of hazardous material and enegy, which 
would require on-site emergency planning activities.) 

3 
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deactivation project as primary objectives. 
Other objectives included the general flushing 
of all facility vessels and lines to meet 
regulatory requirements and the modification 
of current systems to meet facility end point 
criteria. 

2.2 Lessons Learned 
The PUREX deactivation project, with 
support from technical assistance partners, 
resulted in implementation of an integrated 
safety and health strategy. As a result of 
employee feedback, management observations 
and some project performance indicators, the 
initial results suggest that this strategy has 
produced several valuable outcomes including: 

improved worker safety, as verified by 
lost-workday statistics; 

more systematic and thorough evaluations 
of potential hazards associated with 
proposed work activities; 

decreased project costs as a result of 
improved safety documentation 
development; 

improved employee morale, especially 
among those involved in the hazards 
assessment process; and 

better quality Unreviewed Safety Question 
(USQ) determinations. 

As part of the overall strategy to improve 
worker safety at PUREX, Westinghouse 
Hanford Company (WHC) management has 
made a continuous effort to reduce 
occupational injuries and illnesses through 
several management programs and systems in 
addition to the safety and health activities 
discussed in this report. The cumulative effect 
of these efforts has been a significant reduction 
in the occurrence of lost-workday cases at 
PUREX. Prior to the initiation of this project, 
the lost-workday case rate reported in October 
1993 was 3.8. As of June 1995, no lost 
workdays have been reported at PUREX in 
over 660 days, an equivalent of 900,000 

person-hours. This translates into an 
estimated cost savings of approximately 
$340,000. The average lost-workday rate for 
DOE was about 1.6 in 1994. 

Cost savings of approximately $500,00 
were achieved by streamlining major project 
documents . 

8- P V ? . V  

initial safety and health strategy, which was 
documented in the PUREX Project 
Management Plan (PMP). This strategy 
included proposed upgrades to existing safety 
authorization basis documents. Based on 
further review by the project support team and 
input from EHEM technical assistance, the 
safety and health strategy was modified to 
permit use of the existing Final Safety Analysis 
Report (FSAR) and operating safety 
requirements documentation. This assumed 
reliance on the USQ process to evaluate 
potential changes resulting from deactivation 
against the original operating basis 
assumptions. This modified strategy resulted 
in a reduction of approximately 9,000 hours 
from the baseline project schedule because 
additional project safety documentation was 
avoided. 

Nitric Acid Removal Training Dry-Run 

One of the most significant changes resulting 
from the PUREX integrated safety and health 
strategy was the ability to evaluate the hazards 
of proposed deactivation tasks in a graded 
manner. The PUREX Preliminary Hazards 
ScreeninglAssessment (PHSA) process was 
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2.0 Backgrou ind and Lessons Learned From the PUREX Deactivation 

used to select hazard analysis techniques 
appropriate for specific project tasks. The 
process resulted in a more thorough evaluation 
of hazards while reducing the overall time and 
resources previously dedicated to hazard 
analysis activities. Also, knowledge of tasks 
and awareness of associated hazards increased 
among personnel and workers involved in the 
process. 

Additionally, by using selection criteria 
provided by the PHSA screening and 
modifLing the USQ screening form, the team 
improved the overall quality of USQ 
determinations by incorporating 
nonradiological criteria in addition to the 
existing radiological criteria. This helped 
ensure that worker safety issues would be 
evaluated with the same level of detail and 
concern as authorization-basis issues receive 
through the USQ process. Given the increased 
emphasis on worker safety and health, this was 
a very positive factor for the project. 

Prior to implementation of the PHSA process, 
safety professionals were at the bottom of an 
informal review chain. Cognizant engineers 
performed primary safety and health reviews 
and determined whether work packages 
needed to be reviewed by a safety and health 
professional. Work packages were not 
reviewed by a project team and workers were 
not part of the review chain. 

in worker attitudes were observed. As more 
workers became involved in the hazards 
assessment process, other worker suggestions 
and input were generated with increasing 
frequency. Overall, worker participation 
resulted in increased safety awareness and 
worker efficiency. LI 

also successful in improving worker morale. 
In cases where hazard analyses included 
worker consensus and input, positive changes 

5 



Enhanced Deactivation Work Planning and Execution, Wth Lessons Learned From PUREX 

6 



3.0 Important S&H Insights of Deactivation Work Planning and Project Execution 

3.0 Importantsafety & Health lnsightsof 
Deactivationwork Planning and Execution 

As demonstrated by the PUREX deactivation 
project, integrating safety and health practices 
into work activities persists throughout the 
lifespan of the project. Integration begins when 
project strategies and controls are being 
formulated, and continues throughout the 
planning and execution of work tasks. While 
this report does not address in detail the 
complete range of safety and health activities 
that must be integrated into deactivation 
projects, it does focus on those important 
work planning and execution practices that can 
improve safety and financial performance. As 
previously noted, these are: (1) use of a graded 
approach to hazard analysis; (2) early 
integration of safety and health into planning, 
engineering and work execution; and (3) use 
of a multi-disciplinary project team that 
includes workers. 

These safety and health practices are an 
integral part of the specific activities of a 
deactivation process, as illustrated by Figure 1 
(see page 8). This section will provide a 
discussion of activities identified in Figure 1 
and examples from the PUREX deactivation 
project to help clarifl lessons learned resulting 
from implementation of these activities. 

3.1 Establishment of 
M u It i -D is c i p I i n a ry Tea m (s ) 

The use of a multi-disciplinary project team to 
perform necessary deactivation planning, 
analysis and control activities can result in a 
safer and more cilicient deactivation effort. 
Typically, a multi-disciplinary project team 
consists of representatives from engineering, 
planning, safety and health, prqject 
management and the workforce that will 
perform deactivation tasks. Early in the 
deactivation planning process, it is necessary 
to identify the disciplines that should 
participate on the project team and the team’s 

roles and responsibilities. This group should 
be empowered to make decisions throughout 
the deactivation effort. 

Team composition and size will depend (II 
the perceived hazardous conditions as well 
as the magnitude of the overall deactivation 
project. For example, if inventories of 
radioactive material are to be removed, a 
criticality specialist may be needed on the 
project team. Other disciplines that may 
need to be represented on the project team 
include industrial hygiene, health physics, 
and mechanical, electrical, structural, 
environmental and nuclear engineering. 

Teams will also depend on individual worker 
knowledge and experience to guide decision- 
making. Experienced workers often have the 
greatest store of knowledge about hazards that 
are in the work environment, the condition of 
facility equipment and systems, the strengths 
and weaknesses of existing procedures and 
past facility accidents and incidents. Because 
of direct hands-on experience, workers can 
provide valuable feedback on work task 
feasibility within proposed schedules. They 
can also provide information about facility 
process knowledge that may be missing 
because of poor historical plant 
documentation. 

After team disciplines are identified and 
representatives selected for team participation, 
individual team member roles and 
responsibilities should be determined and clearly 
documented. One important team function 
should be the ensurance that safety and 
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3.0 Important S&H Insights of Deactivation Work Planning and Project Execution 

PERHAPS THE MOST critical interface for the successful completion of a deactivation project is the one betwm 
engineering personnel and the safety professionals. Their successful teamwork will ensure that the deactivafo 
activities are completed in a safe manner aml the remaining facility configuration and systems are consistent with the 
initial objectives and the end-point criteria, 

In the PUREX deactivation project, no example more clearly illustrates this teamwork than the development of the 
Heating Ventilation and Air Conditioning (HVAC) modification. The HVAC system is the primary system that hi 
remain operational during the deactivated state. These modifications will take the existing 11 PUREX ventilaib 
stacks and combine or cascade them into a single exhaust pathhrough the main PUREX stack. Further, depending 
upon the remainiQ materials and their form, this system may need to have Technical Safety Requirements (TSRs: 
assodated with its operation. Even ifthe final facility condihs are such that there are no TSRsassodated with this system, 
its design and operation will clearly impact other areas, such as Contamination spread and personnel safety, dugn 
sulveillance periods. Contributing to the need tdevelop strong teamwork is the fact that currently over 60 separate design 
changes are planned as part of the overall modification of this system. 

From the early design consideration and discussiorstages, safety personnel have been involved in the HVAC modification. 
However, as the general design was in the later stages of development, two issues were raised. First, what is (h 

operational result of the collective modification, especiallyith regards to expected flow parameters, system interactions, 
and failure modes? And second, theneed to perform a Unreviewed Safety Questions (USQ) determination on all of the 
proposed modifications (the 60 separate changes) led to a concern rgarding the ability to determine the system interactions 
of each cbnge. However, per current USQ procedures, one comprehensive USQ could be performed to address all 0’  

the modifications. 

To resolve both of these issues, engineering and safety personnel conducted several meetings. From these meetings, 
was determined that the hazards analysis process used for procedures during deactivation would be applied to& 
proposed design changes. The safety analyst determined that the apppriate technique would be a Hazard and Operability 
(HAZOP) study. This HAZOPwould determine the overall operability of the system, the potential failures of the systems 
and their results. A USQ determination would then be completed using the information and results obtained from th 
HAZOP. This would allow one USQ to be completedvith confidence regarding the entire collection of proposed changes. 

By the effective interface between the engineering psonnel and the safety professionals, the HVAC modification has been 
evaluakd by the HAZOP process and the results are in the process of being finalized and incorporated into the u$ 
determination. This teamwork will improve theoverall product, save project resources by minimizing the time necessary 
to complete a comprehensive USQ determin&n and provide valuable input regarding the HVAC system for the end-state 
safety documentation. 9 

: 

health functions are not duplicated. For 
example, nuclear safety and occupational 
safety personnel should collaborate with other 
necessary disciplines to perform integrated 
hazard analyses thus avoiding multiple 
analyses and inconsistent assumptions. The 
team should function as a cohesive unit and be 
responsible for activities such as: 

developing a consistent mode(s) of 
communication for sharing and 
disseminating team-derived data and 
information; 

assisting in the identification and review of 
deactivation work tasks; 

identifying and evaluating hazards; 

recommending appropriate hazard controls; 

identifying other individuals or groups with 
whom the team must collaborate; 

identirjring specific standards or procedures 
applicable to each team member’s area of 
responsibility and subject matter that may 
overlap among team disciplines; and 

assessing the impact of team activities and 
recommendations or decisions on project 
schedule and cost. 

It is also necessary for the team to establish an 
interface with other project functions and 
stakeholders, if not already represented on the 
project team. These include medical services, 
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emergency response, federal, state and local 
government agencies, local Native Americans, 
public interest groups and other members of 
the general public. 

Preliminary project planning involves 
translating project objectives into proposed 
major deactivation tasks. At this stage, project 
managers with support from the project team 
can also estimate ancillary project support 
activities that are needed (e.g., radiological 
protection, industrial safety, security, etc.), 
required resources and project schedules. 

The involvement of safety and health project 
team members during preliminary planning is 
critical for identifying impacts to project 
schedule, cost or personnel. Two preliminary 
planning activities in which safety and health 
team members should participate are defining 
deactivation end-point criteria and initial 
identification of deactivation tasks. 

3.2.1 End-Point Criteria 

A deactivation end-point represents t k  
agreed-upon facility condition that results after 
completion of the deactivation effort. This 
condition is the ultimate goal of deactivation 
and is characterized by a safe facility 
configuration that can be maintained until 
decommissioning is feasible. End-points should 
reflect the successful accomplishment of 
overall project objectives and goals and should 
be based on criteria acceptable to stakeholders 
and organizations responsible for final facility 
decommissioning. Financial constraints, 
compliance drivers and potential impacts to 
the environment, workers and the public are all 
factors that must be considered in determining 
end-point criteria. Because deactivation has 
the primary objective of reaching a safe facility 
configuration that can be maintained until 
decommissioning is feasible, safety and health 
considerations are a major factor that drive 
end-point defintion. Involvement of safety and 
health personnel during planning is therefore 
all the more critical. End-point related 

information that should be solicited from 
safety and health personnel include: 

regulations, standards and procedures that 
may affect the achievement of a desired 
end-point (e.g., radiation exposure limits in 
areas where post-deactivation maintenance 
will be conducted); 

worker risk associated with systems, 
equipment and hazardous material removal, 
which may affect the ability to reach facility 
end-points (e.g., some deactivation 
activities, such as removal of short-lived 
radioactive materials, should be delayed 
until decommissioning in order to allow 
radiation levels to subside); 

activities that are necessary to veri@ 
achievement of an end-point (e.g., radiation 
surveys, fmal hazard analysis, etc.); and 

feasibility of maintaining an end-point 
during subsequent surveillance and 
maintenance activities (e.g . , monitoring and 
implementing controls for hazardous 
conditions that remain after deactivation is 
complete). 

3.2.2 Initial Identification of 

After identifying the end-point criteria, the 
project team should begin identifling and 
scheduling preliminary deactivation tasks. 
Though available information at this stage in 
the planning effort may be insufficient to 
develop detailed work tasks, it should be 
adequate to permit initial task scheduling. 
This will help in identifying the sequence of 
specific facility work areas and provide an 
indication of where the project team should 
begin collecting historical information 
pertaining to previous hazard analyses, 
accident and incident reports, processes and 
operations descriptions or engineering 
modifications using worker knowledge. 

Deactivation Tasks 
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3.0 Important S&H Insights of Deactivation Work Planning and Project Execution 

AS STATED IN the PUREX Deactivation Project Management Plan (PMP)the planning objective was to: “...identify 
the activities needed to establish a safe, environmentally secure configuration at both plants, and ensure that $h 

configuration could be retained during the post-deactivation period.” 

During the planning phase of the PUREWQproject, the team identified several generic tasks up-front for achieving 
a deactivated state. In addition to the generic tasks, team members drew up a list of more specific key tasks, suck 
as: 

Chemical Disposition, 

Slug Storage Basin Deactivation, 

N Reactor Fuel Disposition, 

Zirconium Heel Stabilization, 

Metal Solution Disposition, 

9 Canyon Flushing, 

In-Plant Waste Concentration, 

Contaminated Solvent Disposal, 

Support and Ancillary Systems, 

UO, Plant Deactivation. Ll 

Single-Pass Reactor Fuel (SPR) Disposition, 

Product Removal Room Deactivation, including N-Cell and Q-Cell, and 

. 

The occurrence of this type of effort early in 
the planning process can help the project team 
determine whether initial schedule estimates 
are reasonable and whether additional hazard 
analyses may be needed. 

Safety and health considerations should be 
factored into identification of deactivation 
tasks, particularly when evalulating the 
feasibility of task scheduling. This includes 
knowledge of facility areas where work 
progress might be impacted because of high 
chemical or radiation contamination, poor 
structural integrity of buildings and any 
technical limitations with regard to hazard 
controls. 

3.3 Preliminary Hazard Analysis 
A preliminnry hazard analysis is the first step in 
the identification, evaluation, control and 
communication of hazards that may be 
encountered during a deactivation project. 
Information provided by this effort will be 
used to help determine safety analysis 

documentation needs, the content of health 
and safety plans and the applicable safety and 
health standards that will govern the 
deactivation project. The preliminary hazard 
analysis will also serve as the foundation for 
subsequent task-based hazard analyses. 

Generally, a preliminary hazard analysis should 
be consistent with analysis objectives provided 
in DOE-STD-3009, Preparation Guide for 
U.S. Department of Energy Nonreactor 
Nuclear Facility Safety Analysis Reports. 
Although the level of effort associated with a 
preliminary hazard analysis will vary, it should 
encompass the following activities to some 
degree: 

collecting and reviewing historical facility 
records; 
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AN INDEPEWENT Technical Review Team chartered by EM-60 pointed out, “...that without predetermined end-poin 
criteria, the deactivation project truly lacked a compass.” As a result, PUREX formed a Value Engineering Study to 
define deactivation and decommissioning (D&D) acceptance criteria. However, the Team recognized that with the 
long lag between deactivation andeventual decommissioning, planners of deactivation projects could not know or 
anticipate methods, needs, and capabilities of future decommissioning endeavors. The study then shifted focsu 
toward developinga methodology for making deactivation decisions, rather than defining technical end states. Thi: 
process established a mat&-based approach to deactivation end points. The matrix was dedicated to one structure 
or space (or a collection of similar structures or spaces) within a given facility. One axis listed the following topsi 
goals considered in deciding vhich deactivation tasks to complete: (1) protect the deactivation workers and eventua 
decommissioning workers; (2) protect the public and the environment; (3) prepare the facilities for only quartql 
surveillance and maintenance checks; (4) comply with applicable regulations; (5) consider D&D needs insofar= 
possible; and (6) keep commitments to stakeholders. 

The cross axis listed issues and hazards associated with each structure or space-for example, fixed radioadv 
contamination, nonfixed radioactive contamination, mixed waste, anregulated waste, fissile materials, OSHA hazards, 
structural intfgrity hazards, confined spaces, weather or animal hazards, and fire hazards. Each hazard could ther 
be addressed in light of which actions could or should be taken to mitigate it. The process was further refinecbt 
incorporate the following philosophies: 

Every end-point decision should be driven by and clearly linked to major program objectives and goals. 

A safety qproach should encourage elimination of hazards, effective facility containment and facility monitorinr 
and control. 

Management should recognize that end-point decisions must be cost-effective, or linked to constraints IT) 
resources and methods. 

“Buy-in” or ownership by all affected organizations is necessary for success. 

Measurable completion criteria should be established for work teams in the field. 

End-points should not be driven by D&D assumptions. 

Developing end-point criteria should be iterative. 

Wth these fundamentals, end-point criteria were matrixed and ranked. A further discussion of this process can be founc 
in WC-SP-1147, Rev. 0, “PUREX/UQ Facilities Deactivation Lessons Learned History.”O 

conducting a physical survey of the facility; 
and 

evaluating findings. 

Many surplus facilities subject to deactivation 
have Safety Analysis Reports or other similar 
safety documents available that provide an 
analysis of hazards associated with past facility 
operations. Therefore, in many cases the 
preliminary hazard analysis will consist of 
evaluating how the configuration of a process, 
system or piece of equipment has changed as 
well as hazardous material inventories 
compared with the last documented hazard 
analysis performed. 

3.3.1 Collection and Review of 
Facility Historical Information 
and Records 

Understanding the history of a surplus 
facility’s past operations provides a baseline 
for measuring or defining current hazardous 
conditions that must be dealt with in 
deactivation. The effort necessary to 
accomplish this objective will vary depending 
upon the availability and quality of safety 
documentation and facility records. For 
example, a facility with up-to-date safety 
analysis documentation may reflect the actual 
facility condition and require less effort than a 
facility that was abandoned, was not subject to 
routine surveillance and maintenance, or did 
not have up-to-date records. 
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Information that should be considered for 
review includes: 

Safety Analysis Reports or other 
documented hazard analyses; 

as-built drawings, including process and 
instrumentation diagrams and equipment 
specifications; 

construction photographs; 

incident reporting data; 

material safety data sheets or other 
hazardous material inventory records; and 

accident investigation reports. 

As mentioned, workers may be excellent 
sources of valuable historical information 
Worker interviews are particularly important 
when facility documentation is incomplete or 
out-of-date. Worker knowledge may be the 
only source for identifling past incidents, 
facility modifications not shown on existing 
process and instrumentation diagrams, or 
hazardous materials that may have been used 
or stored in the facility. Where possible 
interviews should be conducted with facility 
managers, maintenance personnel, operators, 
shift supervisors and safety and health 
personnel. 

3.3.2 Physical Survey of the Facility 
Even after a review of facility historicd 
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information, knowledge may be limited on the 
configuration or condition of existing facility 
systems and equipment, as well as existing 
quantities of hazardous materials. A physical 
survey is a valuable activity that can fill these 
information gaps. Its objective is to verify the 
existence of perceived hazards and identi@ 
hidden hazards through facility walkdowns 
that involve visual observation, sampling or 
monitoring activities. 

Facility walkdowns should be conducted by 
engineering, safety and health personnel and 
workers, all of whom are trained in hazard 
recognition. Specific facility conditions and 
characteristics will dictate the required 
expertise that may be necessary. For example, 
if the facility is old and not well maintained, a 
structural engineer may need to participate in 
walkdowns. Walkdown participants should 
use checklists, logbooks, video or still cameras 
or other reliable means for recording findings 
and observations. 

It may also be necessary to conduct air 
monitoring and sampling to provide 
information on identified or suspected hazards, 
pinpoint sources of hazards and detect hazards 
that might otherwise go unnoticed. Potential 
concerns could include flammable 
atmospheres, oxygen-deficient atmospheres or 
high radiation levels. 

All workers involved in physical surveys 
should be appropriately protected. 
Participants should be briefed on the 
objectives of the walkdowns and all known 
hazardous conditions in areas to be visited. 
Also, appropriate personal protective 
equipment should be available and used as 
prescribed. 

The survey should be carefully planned so that 
all organizations get the information they need 
from a single walk-through. It is especially 
important that health and safety, waste 
management and environmental personnel 
participate. 

3.3.3 Evaluation of Findings 

Information derived from the historical 
information reviews and physical surveys 
should be used by the project team to 
determine the potential hazards and the 
necessary preventive or protective measures. 
Even without detailed information on work 
tasks at this stage, this effort will be useful in 
future development of individual work 
packages. 

This information should also be used to 
determine the potential impacts to the existing 
facility authorization basis. The Unreviewed 
Safety Question (USQ) process should be 
performed on the tasks that have been 
identified for the deactivation project. 
Application of this process should be based on 
currently available information, and revisited 
during work package preparation. 

3.4 Integration of Safety and Health 
Into Engineering Support Tasks 

Engineering personnel play a key role in the 
selection and definition of deactivation tasks, 
reviewing existing work plans and procedures, 
and designing new equipment that is necessary 
for some deactivation tasks. While the 
engineering focus is primarily on 
accomplishing these tasks, this emphasis is 
broadened with the inclusion of safety and 
health personnel and workers who possess 
familiarity with facility operations and 
deactivation activities. 
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Because the focus of safety and healh 
personnel is on the identification and 
elimination or control of hazards, they need to 
interface directly with engineering personnel to 
ensure that hazards are designed out of 
deactivation tasks. Safety and health 
personnel can identifl the applicable 
requirements and standards that must be met 
or considered for this purpose. They can also 
relate lessons learned that may have evolved 
from past occurrences or accidents. 

Engineering personnel may begin new 
equipment design as early as feasible to 
support certain deactivation tasks. This new 
equipment may introduce new hazards for 
those who have to install, operate, maintain 
and dismantle this equipment. Safety and 
health personnel can identifl these hazards 
early enough so that the hazards can be 
eliminated or controlled properly, and safe and 
proper procedures for equipment use can be 
developed. This interface can also help to 
determine the necessary inspection criteria for 
enhancing equipment reliability and safety. 

While the greatest potential benefit of having 
safety and health personnel work closely with 
engineering personnel is early hazard 
recognition and elimination or control, the 
secondary benefit is overall project cost 
savings from reducing or eliminating the need 
to reengineer, reanalyze or retrain due to 
unforeseen safety and health conditions. 

3.5 Applicable Safety and Health 

Deactivation projects are subject to myriad 
safety and health requirements including 
federal, state and local laws, departmental 
orders and technical standards and nationally 
and internationally recognized consensus 
standards. Consistent with Defense Nuclear 

Standards 

Facilities Safety Board (DNSFB) 90-2, DOE 
management and operating contractors have 
relied on the Standards/Requirements 
Identification (S/RID) process to define safety 
and health standards that are applicable to their 
respective operations. This process was also 
implemented at PUREX. 

The Department’s Standards Program is 
currently developing a process for identifying 
the necessary and sufficient (N&S) set of 
standards for all DOE work, including 
deactivation. A N&S set of standards is one 
that (a) meets the performance expectations 
and goals for the work (including complying 
with laws and regulations, and providing 
adequate protection for the workers, public 
and environment); and (b) contains only the 
standards which are necessary for the given 
work activities and the associated hazards 
under consideration. This process is intended 
to resolve many of the SKID-related issues 
identified during PUREX deactivation (see 
example box on page 16). The N&S process 
consists of the following steps: 

initiating the N&S closure process for each 
project; 
compiling or developing a N&S set of 
standards; 

incorporating these standards into work 
planning; and 
evaluating work performance against these 
standards. 

At the time of this publication, the 
Department’s N&S Standards Process was in 
the pilot demonstration phase. Regardless of 
the formal process established by DOE, there 
are several fundamental activities that are 
essential to cost effective identification and 
implementation of safety and health standards: 

identifing the safety and health standards 
that are applicable to the project based on 
hazards and the type of work to be 
performed; 
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THE DETERMiNATloNof applicable safety and health standards for the PUREX deactivation project was performed as 
part of the Standards/Requirements Identification Documnt (SIRID) process in response to Defense Nuclear Facility 
Safety Board (DNFSB) Recommendation 90-2. As opposed to early identification of the safety and heat 
requirements for the project in advance of program and procedure development, performance of the PUREX proces: 
was based on the operational programs and procedures. The primary objective was to determine the minimal se 
of requirements that applied to the PUREX deactivatia project and, thereby, to reduce the current requirement base 
and potentially the costs to the project, especially in surveillance and maintenance. 

Facility subject-matter experts used the currenNVHC process, including an ES&H database, to screen requirements 
to determine those aplicable to facility deactivation. Though efforts were focused on eliminating requirements tha 
did not apply to deadivation, the resulting list of requirements was extensive. Based on the format of the database 
few complete requirements could be eliminated. The facility conditions and activities contributed greatly to &I 
remaining number of applicable requirements. 

Although a number of requirements were eliminated from the initial database screening, the goal of significagl 
reducing the requirements and associated costs has not been achieved. Based on current requirements identified 
the programs and procedures in place at PUREX are not expected to receive major revision at this phase of th 
SlRlDs process. Overall, benefits to the PUREX deactivation project from this process have been lower thar 
anticipated. Factors contributing to the negligible benefits from the SlRlDs process include: 1) the format of th 
requirements database such that few requirements could be excluded completely, and 2) the existence of PURE} 
manuals and procedures that already implements most generally applicable requirementsa 

using the project team to interface with 
stakeholders in order to reach consensus on 
the applicable safety and health standards; 

confirming that the safety and health 
standards are adequate for protecting 
workers, the public and the environment, 
and that they can be implemented given 
facility staffing, expertise, hazards and 
available technologies and funding; 

obtaining stakeholder approval on the set of 
standards; 

incorporating safety and health standards 
into existing facility operating policies and 
procedures; and 

continually assessing work performance 
against identified sets of standards. 

In accordance with several DOE and external 
safety and health directives, project managers 
must provide documentation that state how 
worker and public safety and health will be 
protected fi-om any adverse impacts associated 

with deactivation activities. Facility Safety 
Analysis Reports (SARs) and Health and 
Safety Plans (HASPS) are two key documents 
that provide the basis for assuring that public 
and worker safety and health protection have 
been evaluated and controls established. Cost- 
effective considerations for developing these 
documents should include: 

an evaluation of the need for safety 
documentation upgrades based on the 
ability of existing documents to accurately 
reflect deactivation conditions, including 
current work activities and hazards; and 

use of the multi-disiplinary project team to 
help produce safety and health 
documentation and evaluate opportunities 
for consolidating major safety and health 
documents. 

Streamlining the safety and health document 
preparation process can potentially: 

reduce the cost of developing authorization- 
basis safety documentation; 

reduce duplication of effort; and 

Q 
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THE PUREXF~NALSAFETYANALYS~~REP~RT(FSAR) was developed in the late 1980s. Judged by current standards, 
it did not adequately address nonradiological concerns. Additimlly, it was not consistent with current DOE guidance 
on content and format. A number of controls currerlty identified as Operational Safety Requirements (OSRs) did not 
meet the current criteria for this classification. 

To avoid the prohibitive cost of development (and the limited beefit) of an upgraded SAR for the deactivation project, 
PUREX had to develop and implement processes and controls to address these concerns. The DOE-RL and HC 
personnel decided that the existirg FSAR would be used as the authorization basis for deactivation. To ensure tha’ 
nonradiological and radiological issues were properly addressed, the USQ process would be used with identifik 
acceptance criteria. 

The use of this process saved the cost of development, reviewand approval of a new SAR for deactivation. Because 
the PUREX facility is currently a hazrwls class 2 facility, per DOE-STD-1027-92, with DOE 5480.23riteria, the cost 
of this document and the DOE reviews would have been eknsive. Additionally, the issue regarding the continuation 
of the deactivation project during the yearto develop and approve this document would have been counter to the 
overall objectives of deactivation. 0 

produce a more comprehensive hazard 
identification and evaluation process. 

3.6.1 Facility Safety Analysis 

A safety analysisdocument such as a SAR is a 
key and necessary document for authorizing 
the deactivation of nuclear or non-nuclear 
facilities. For facilities in which a SAR was 
written for operations, the project team should 
determine whether the SAR must be modified 
or upgraded to meet requirements of DOE- 
STD-5480.22 Technical Safety Requirements 
and DOE 5480.23 Nuclear Safety Analysis 
Reports. As discussed in DOE-STD-3011-94 
Guidance for Preparation of 5480.22 (TSR) 
and 5480.23 (SAR) Implementation Plans, 
SAR upgrades depend on three factors: 

whether existing safety documents are 
consistent with the latest requirements of 
5480.22 and 5480.23; 
whether the current facility configuration is 
adequately documented in the existing 
SAR; and 

the duration of the facility’s remaining life. 
If a facility’s operational life is short, a 
SAR upgrade may not be necessary. 

Necessary SAR upgrades can be cost- 
effectively executed by: 

Document 

following a graded approach to SAR 
development, as discussed in DOE-STD- 
3009; 

using activity -specific documentation such 
as safety analyses of common activities that 
can be applied to numerous projects or 
work tasks in the SAR; and 

establishing documented and approved 
measures that define the facility safety basis 
and ensure its integrity, such as a USQ 
screening process. 

If the deactivation project is of short duration, 
it may be appropriate to only document the 
facility safety basis and current configuration 
as a Basis for Interim Operation (BIO) 
document until a decommissioning mission is 
finalized (see DOE-STD-3011-94 for specific 
details). 

3.6.2 Health and Safety Plan 
A Health and Safety Plan (HASP), cr 
equivalent document, is the principal safety 
and health document that ensures worker 
hazards are identified, evaluated, controlled 
and communicated. DOE-EM-STD-5502 
Hazard Baseline Documentation provides 
direction on the type of facilities that should 
have a HASP. 
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The purpose of the HASP is to identifjr and 
document the types of worker hazards that 
may be associated with specific cleanup tasks, 
and to establish appropriate hazard controls. 
This information is documented primarily for 
use by the worker before a given work activity 
begins. It also provides a baseline or inventory 
of hazards against which unforeseen hazards 
can be evaluated. Before preparing a HASP, 
the following documents should be reviewed 
for potential applicability: 

OSHA 29 CFR 1910.120 Hazardous 
Waste Operations and Emergency 
Response-written to protect workers 
involved in hazardous waste cleanup 
activities; 

DOE/EH-0478 Handbook for 
Occupational Safety and Health During 
Hazardous Waste Operations-provides 

3.6.3 Safety Anal sis and HASP c om m o na I i ies  

Requirements for safety and health 
documentation are specified by the 
HAZWOPER standard and DOE safety 
analysis requirements and standards, including 
a systematic approach to identiijring hazards 
and documenting hazards and controls. As a 
result, many opportunities exist for integrating 
information during the development, 
modification or upgrade of documents used to 
guide a facility deactivation project. This is 
particularly valid for low hazard facilities 
where worker impacts are the only focus of 
safety management activites. In this case, both 
HASPS and SARs share similar purposes. 
DOE-EM-STD-5502-94 provides useful 
information for integrating safety 
documentation. 

3.7 Task-Specific Work Package guidance on HASP development; and 
DOE-EM-STD-5503 Heulth and .%$e& Preparation 
Plan Guidelines-Provides suggestions for 
accepted format and content for HASPs. 

As the level of detail of available information 
(e.g., hazards, risks, and end-point criteria) 
improves during the planning phase, more 
detailed work tasks can be developed and 
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3.0 Important S&H Insights of Deactivation Work Planning and Project Execution 

scheduled. These tasks should be identified, 
evaluated and controlled within the facility’s 
existing job control system. Work packages 
(other terminology may be used by various 
DOE sites) are an important part of this 
system because they provide the details of the 
work to be accomplished and verification that 
safety and health impacts have been evaluated 
before work begins. 

The work package can also be developed for 
a physical survey (such as the kind required by 
HAZWOPER), equipment removal or a 
specific maintenance action. To be most 
effective the work package should include: 

8 

8 

8 

a description of specific activities; 

identification of the type of hazard analysis 
required for the activity, and verification 
that the analysis was performed; 

a method to ensure that identified hazards 
associated with each planned activities are 
documented and shared with workers 
together with the steps to eliminate, 
minimize or reduce those hazards to an 
acceptable level; 

all necessary work permits; 

appropriate training required for the 
planned activity; 

references to or inclusion of all supporting 
documentation; 

equipment and material to be used; 

personal protective equipment (PPE) 
needed; 

a description of management structure, 
including necessary reporting and 
communication channels; 

emergency response activities if applicable; 

additional engineering studies if required; 
and 

expected results at completion of the 
activity. 

3.8 Task-Based Hazard Screening 
and Analysis 

Because deactivation involves both 
nonrepetitive and repetitive work tasks, a 
systematic process should be in place to 
identifj and evaluate task-specific hazards, 
before work is conducted. This process 
should identifj potential causes of accidents, 
their effects and necessary preventive or 
protective measures. Resulting information 
should be incorporated into health and safety 
plans and safety analysis documentation. 

Not all work tasks are equally hazardous or 
complex. Therefore, a task-specific hazard 
analysis process should be graded to account 
for these factors. For example, if a work task 
such as a previously conducted maintenance 
activity is documented in current procedures 
and well understood, an in-depth analysis 
would not be necessary. It would be sufficient 
to have safety and health personnel review job 
steps and rely on simple techniques, such as a 
hazard checklist. If major changes have been 
made to existing procedures, or if the 
procedures are to be performed in an 
unfamiliar work environment, a more detailed 
analysis would be warranted. This would 
involve a job hazard analysis conducted by 
members of the project team. If the work task 
is perceived to be highly hazardous and 
complex, a more in-depth systematic hazard 
analysis technique such as a Hazards and 
Operability Study or Failure Modes and 
Effects Analysis may be needed. These hazard 
analysis techniques are traditionally used in 
nuclear accident analyses and recommended by 
the Process Safety Management regulation (29 
CFR 1910.119). 
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EACH WORK ACTMN that requires an engineering study or 6es a work plan or procedure is screened by an experienced 
safety analyst with the cognizant facility personnel. This screening is documented on the Preliminary Hazd  
Screening/Assessment (PHSA) form (Appendix B) and provides the basis for determining the appropriate level 6 
additional analysis/evaluation. The grading process was essential to the hazard analysis process implemented ta 
PUREX. 
The two-part PHSA screening form was developed specifielly to assist in and document this grading process. Part I 
of the screening form consists of two general areas for consideration: the characteristics of the activity and &h 
perceived risk, which is designed as a general checklist. 
Part I I  consists of a number of questions deigned to better define the hazards associated with the proposed activity. 
In the sample form, Part I indicates that the nature ofthe hazard is toxicological and radioactive, while Part I I  identifies 
the material as acid contaminated with fission-product materials with the total quantity of material to be handled a:, 
100 gallms. By completing both of these sections, the analyst and the cognizant work preparer are able to gaug 
the overall relative hazard of the proposed activity. 
Using the completed PHSA form, the analyst and the cogniant preparer determine the appropriate level of additional 
analysis to be performed. Determination of the appropriate level is based on the relative complexiMazards and 
facility experience associated with the proposed activity. A recommendation is then made by the analyst a h  
cognizant engineer regarding one of three possible levels of analysis in this process. It is important to note that tb 
PHSA screening and the related grading guidance criteria are neitler all inclusive nor designed to provide a “pat” answer. 
They are merely tools by which the experienced analyst can more rationally assess whether additional analysis i 
necessary. Hence, a judgment is inevitably based on the experieoe of the analyst and the cognizant engineer. So while 
this process does not preclude the second-guesing often associated with this type of work, it provides a useful tool and 
appropriate documentation to help reach the conclusion. 
The minimal analysis (Level 1 in Appendix 6) is completion of the work activity in accordance with current W 
requirements and procedures. This level includes completion of a hazards checklist, review and approval of the 
proposed work activity by applicable safety professionals, and other actions mandated by WHC procedures. 
Moving higher in rgor, the next level of analysis-Level2-is the Job Safety Analysis (JSA). The JSA is performec 
in addition to the current WHC requirements. A small team is assembled, comprising the cognizant engineeiq 
nuclear safety professional, an industriabafety/hygiene professional, a worker and a lead analyst. The team reviews 
each section of the proposed work activity and identifies specific hazards associated with completion of tha: 
procedure section. 
Additionally, the team identifies any programs or systems that are particularly critical to the safe execution of thi 
activity. They then recommend appropcite controls or reviews to prevent, control, or mitigate the identified hazards. 
Because this process is used for less complex and lower-hazard activities than those requiring a more rigoreu 
analysis, the JSA can be umpleted in much less time. JSAs performed at PUREX have generally been completed 
in less than 4 hours, from the start oflhe meeting to completion of the final hazards matrix. A key to this technique’s 
success has been the inclusion of workes on the team. The workers selected to serve on this team have been very 
knowledgeable of the process and systems being evaluated, and their input has greatly enhanced the process 
Although, many of the changes identified in this process are not directly linked to safety. However, since t h e  
changes have made the written procedures more usable, safety can only be enhanced. 
In the highest level of analysis-Level 3-a team conducts a more formahnd detailed hazard analysis, such as a 
Hazards and Operability (HAZOP) analysis or bcess Hazards Assessment (PrHA). The Team is led by a qualified, 
experienced hazards analyst. In addition to completing the hazard analysis, aUf the S/RIDs functional areas are 
evaluated item-by-item to determine any critical programs or systemdhat affect the safe execution of the work activity. 
The team then recommends the necessary measures to prevent, control, or mitigate identified hazards. 
Because Level 3 analyses are performed only on high-hazard or highly complex activities, they require significant1 
more time to complete than the JSA. In the PUREX deactivation project, the average HAZOP or PrHA required ‘2 
weeks to complete over a series of half-day meetings. For example, Level 3 analysis was performed for the ~ f f  
loading of nitric acid 6r shipment from the facility. Since the bounding, non-radiological accident was based on the 
failure of the nitric acid storage tanks and the procedure to be evaluated involved the transfer of this material te 
tanker truck, no PHSA screening was performed. The method of analysis selected for was a HAZOP. 
A team of six contractor personnel including a worker, nuclear safety engineer, industrial safety and hygien 
professionals, the cognizant work preparer, and two analysts were assembled for this analysis. In the preparator) 
work for this analysis, thirty-three nodes were identified to be assessed. This process required approximately thre 
weeks of analysis and clerical work to complete and document. 
This assessment irdicated that the most credible accident was the spill of nitric acid storage tanks to the surrounding area 
This scenario was well bound by the catastrophic failure of the nitric acid storage tanks and therefore no additiotha 
consequence analysiswas necessary. As a result, all of the recommendations were incorporated into the procedures anc 
the final result was an increase in the safety awareness for completion &is activity. 0 

1 

I 
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3.0 Important S&H Insights of Deactivation Work Planning and Project Execution 

A hazards screening process is a useful tool for 
selecting which hazard analysis techniques are 
suitable for planned work tasks. Screening Deactivation Authorization 
criteria should be developed using results of 

3.9 Task-Based Evaluation of 
Potential Impacts to 

Basis (USQ Process) 
the preliminary hazard analysis and-any known 
details of the work task. Examples of specific 
information that should be assessed in the 
screening process include: 

As a final check, information from the task- 
specific hazard analysis process should be used 
in a USQ screening process to ensure that 
impacts of hazards have been considered 

the type of activities involved in the work 
task (e.g., cutting, hoisting, crane 
operation, handling of hazardous 
materials); 

existing procedures that cover work task 
activities; 

an assessment of whether the activity has 
been previously performed in the facility or 
is an activity with which facility personnel 
have little experience; 

an assessment of whether the activity is 
routine or places extra or unusual demands 
on systems or personnel; and 

a listing of hazardous materials and 
quantities used or encountered in the work 
task. 

DOE STD-3009 provides some considerations 
for selection of hazard analysis techniques, and 
may be adaptable to deactivation efforts. 

Independent of the types of task-based hazard 
analyses performed, the project team or a 
subset of the team, including worker 
representatives, should perform the analyses 
This will avoid duplicative efforts among 
safety and health organizations (i.e., nuclear 
safety, industrial hygiene, etc.) and 
inconsistent analyses assumptions. 

A hazard screening process was employed in 
the PUREX deactivation project. Appendix A 
provides an overview of the PUREX process, 
and Appendix B provides PUREX Preliminary 
Hazard Screening Assessment forms used by 
the analysis team. 

within the facility authorization basis. The 
USQ process should be continuously applied 
to the deactivation project from initial project 
planning through the execution of each work 
task. Evaluation of the project activities, 
particularly as conditions change during 
deactivation, is important to ensure that both 
radiological and non-radiological hazard levels 
are maintained within the prescribed 
authorization bases. 

It is important to determine whether the 
proposed work is within the defined 
boundaries of the authorization basis. Just as 
activities associated with the work are 
screened for occupational hazards, potential 
safety and health impacts to the public must 
also be addressed. As detailed in DOE Order 
5480.2 1 Unreviewed Safety Questions, the 
USQ process provides instructions and 
guidance on how to review activities to help 
ensure that: 

activities do not explicitly or implicitly 
affect the authorization bases of the 
facility; and 

activities do not result in an action that 
could violate the facility Technical Safety 
Requirements. 

A screening process may be utilized to 
determine whether or not a USQ exists. The 
USQ process should address and document an 
evaluation of the seven questions defined in 
DOE Order 5480.21, Section IV.2.b. If 
evaluation of an activity indicates that one or 
more of the screening questions cannot with 
reasonable assurance be answered as “yes,” a 
USQ exists. The existence of a USQ does not 
necessarily mean that the activity is unsafe. 
The purpose of identifying a USQ is to alert 
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facility management and the DOE of actual or 
potential conditions that affect the DOE 
approved authorization basis. Upon 
confirmation that a problem exists, it will be 
necessary to substantiate that the facility is 
placed in a safe configuration pending 
completion of a safety evaluation. Submission 
of a safety evaluation that supports a modified 
authorization basis and approval by DOE are 
required prior to proceeding with the activity. 

Before individual deactivation work tasks are 
conducted, it is necessary to conduct pre-job 
briefings of all the procedures to be performed, 
review the hazards and adopted controls 
associated with the deactivation tasks, review 
emergency procedures and ensure that 
procedures are in place to handle unforseen 

hazardous events. This is particularly 
important if it is a new or unfamiliar task. 
Conducting mock-up training may also be 
prudent under certain circumstances, if, for 
example, the task is intricate, complex or 
conducted in a hazardous environment. This 
stage also provides an excellent opportunity to 
verifl that all applicable permits are in place, 
the emergency response plan is ready for 
implementation and personnel have completed 
appropriate training. 

3.11 Safety & Health Activities During 
Project Execution 

During the performance of deactivation tasks, 
project managers and other responsible 
personnel must ensure that hazard controls and 
work practices are monitored for adequacy. 
Also, established feedback mechanisms should 
be in place to provide information on 
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IN FEBRUARY 1995, a ten foot long sample pobe was removed from the PUREX canyon ventilation exhaust duct. The probe 
was being replaced with a newprobe so that existing contamination would not affect characterization data on the curren 
canyon ventilation stream. The probe was successfully removed, double bagged and temporarily stored in an auxiliplr 
building. In order to fit in a low level waste burihbox, the probe was cut into two sections. While this cutting was successfully 
completed, a number of problems occurred resulting in the declaration of an off-normal occurrence. 

These problems included completion of the probe cutting without the existing work package and associated spedia 
radiological work permit and health physics support. The root MUSS of these deficiencies was poor communication between 
the parties involved and the failure to include waste disposal personnel in the work planning process. 

The actual safety sigificance of this event was relatively minor. It resulted in a contamination spread of 200,000 dpm beta. 
gamma and 14,000 dpm alpha in an existing contaminatiorarea. However, the potential safety significance was much larger 
since the personnel performing the work did not fully understand or question the contamination levels on the probe. 

There are a number of lessons to be learned from this event: 

(1) Open and honest reporting is extremely important. In this case, the people involved in the event were candid anc 
forthright. This was acknowledged by the DOE-EH Office of Enforcement as being very positive. 

(2) Personnel must absolukly understand the magnitude of the hazards with which they are working. A healthy skepticism 
and constructive questioning attitude are important qualities. In this case, a minor change in the scenario could hw 
resulted in a significant internal intake of contamination. 

(3) Compliance with requirements and procedures is absolutely necessary. The desire to get a job done quickly does no: 
justify ignoring safety requirements. In this case, a critical plant resource was not involved because it was felt t k i  
participation would make the job more difficult. Teamwork is essential to the safe completion of the project. 

(4) Communication and establishment of orgatirzational interfaces is critical to the project success. A number of people had 
information, that if shared, would have prevented this event from happening. 

This event succinctly illustrates the value and need for performing those activities mentioned in section 3.111. 

unforeseen hazardous conditions and 
corrective actions that must be implemented. 

The extent and type of monitoring activities 
such as air monitoring, exposure assessment 
and medical surveillance will depend on the 
type of hazards that may be encountered, the 
time in which workers may be present in a 
given hazardous work area and how much is 
known about the work environment. For 
example, air monitoring is of particular 
importance for work areas in which fiiable 
asbestos may be disturbed. 

Worker feedback mechanisms can include 
daily pre-job planning meetings, stop-work 
authority given to workers, employee 
suggestion programs and surveys, worker 
involvement in review of safety and health 
procedures and the inclusion of workers in 
accident and incident investigations. 
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Feedback mechanisms can only be effective 
with management support and commitment 
Managers must empower workers to provide 
feedback, solicit their feedback and respond to 
or use worker recommendations for 
improvements. Both managers and workers 
must understand their rights and 
responsibilities related to maintaining safety 
and health, which includes the right to stop 
work under certain hazardous conditions as an 
additional means of empowerment. These 
steps will not only improve the feedback 
process, but can also improve worker safety, 
morale and productivity. 

blonitoring and worker ieedback can he4 

identify significant changes that can affect or 
alter safety and health planning assumptions. 
For example, changes in operations such as the 
addition or modification of tasks, processes, 
tools, equipment, personal protective 
equipment or work practices may occur such 
that new hazards or hazardous conditions 
emerge that were not identified during 
planning. The USQ process should be used to 
assess the impacts these changes may have on 
original hazard analysis assumptions and 
documentation. 

Finally, periodic audits and inspections are an 
essential element to help assure safety and 
health performance is adequately maintained. 
These activities should also be used as a form 
of feedback for improving hazard control and 
management as well as overall safety and 
health performance. 0 

Q 
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4.0 Summary 

4.0 Summary 
A s  a result of the lessons learned from tlE deactivation, particularly in assessirg 
PUREX deactivation project, useful practices hazards and the adequacy of hazad 
and important insights were gainedrelated to controls, and in obtaining feedback (II 
the integration of safety and health practice unforeseen hazardous conditions during 
into deactivation work planning and execution. actual work. 0 
Many of these practices have applicability b 
other Departmental operations such as facility 
decommissioning, site remedial actions a d  
waste management. This report has provided 
an overview of three essential and broad& 
applicable insights for use as guidance. These 
insights can be summarized as follows: 

Graded Approach to Hazard 
Analysis-conduct project level 
preliminary hazard analysis to provick 
hazard information for planning 
engineering evaluation, determination cf 
applicable safety and health requirements 
and determination of safety and healh 
analysis and documentation; and conduct a 
task-based analysis for each work task that 
is commensurate with hazard types a d  
work activity complexity. 

Involvement of Safety and Health 
Personnel in Project Planning, 
Engineering and Execution-involve 
safety and health professionals early in the 
planning process, and maintain thei 
involvement throughout work execution in 
order to address safety and health issuts 
during engineering technology selection to 
minimize risks to the workers, public a d  
environment; and minimize and reduce 
duplication of effort during project safeiy 
and health documentation development. 

Use of a Multi-disciplinary Project Team 
(including workers)-use team approach 
to develop and accomplish project a d  
work task activities; ensure clear lines ci? 
communication and information sharing 
reduce duplication of effort; and solid 
worker involvement in all aspects cf 
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Appendix A 

Appendix A: PUREX Task-Specific Hazard Screening Process 

Determine 
Hazard 

Assessment 
Techniaue 

Assessment 

Assessment 

Activity Envelop 

Perform USQ 
Determination 

Assessment 

Perform J S A 

Determination 

Perform USQ 
Determination 

*Test: 

Does the activity place 
extra or unusual 

demands on systems? 
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Appendix B 

,ppendix B: PUREX Preliminary Hazard Screening Assessmeni 

PUREX Example: Preliminary Hazard Screening Assessment (PHSA) - Steam Restart 
Part I 

Characteristics: This screening is to evaluate the request from the Surveillance and Maintenance personnel to 
determine if a hazards analysis could provide assistance in the minimization of steam related 
incidences and thereby increase the safety of these activities. 

I) ComplexitylSize 

I I )  Type of Process 

111) Type of Operation 

IV) Nature of Hazard 

Steam energy and the heat itself. 

V) Event of Concern/Scenario 

Perceived Risk & Experience 

I) Length of experience: 

11) Accident Experience 

111) Relevance of Experience 

IV) Perceived Risk 

Simple/small_ Complex/largex 

Chemical_ Electrical_ 
Physicalx Electronic- 
Computer- Biological_ 

Fixed Facility- Transportation! 
Permanentx Temporary- 
Continuous- Semi-batch- 

Toxicity- Reactivity- 
Flammability- Radioactivity- 
Explosivity- 
Otherx Criticality- 

Single Failure& 
Procedure- 
Process upset_ 
Simple loss of containment ever 
Human- 

Long& Short- 
with similar process- 

Currentx Manyx 
Few- None- 

Mechanicalx 
Humanx 

Batch- 

Loss of function event- 
Multiple Failure- 
Software- 
Hardware- 

none- 

No Changes- Few Changesx Many Changes- 

High- Medium& Low- 

PART I I  

What is the basic process or  procedure? 
The process being considered is the current procedure for the introduction of steam to the various sections of the 
PUREX facility. 

What hazardous material is being handled or  processed? 
The material of concern for this procedure is the steam. Steam is used throughout the PUREX facility for a numbe 
of items. 

Preliminary Hazard Screening Assessment (PHSA). (part 1 of 2). 
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P U R E X  Example: Preliminary Hazard Screening Assessment (PHS4Steam Restart 
Part I I  

How much material is present altogether? 
The quantity of steam is not an issue, rather the pressure and control of its introduction to th(3UREX systems. 

How much material is being handled/processed at one time? 
The concern is the operation of individual valves to introduce steam to the portions of the facility. 

What can go wrong during the handling or processing? 
The introduction of steam to a line containing water can result in a "hammer" that can lead to the rupture of the 
equipment and potential injury to the worker. 

What is the worst process or OSR/OSD related accident possible? 
Though there are currently OSR/OSD's related to operation of systems using the steam, water hammer resulting 
from this procedure would not be expected to result in an OSRlOSD occurrence. 

What is the worst accident possible? 
From the steam related accidents within the last 2 years at Hanford, death can result from a steamhater hammer 
event. 

How likely is the worst accident to occur? 
Given the PUREX systems, death from hammer is not considered likely, however, serious injury is considered 
credible. 

How much damage is done? 
Facility damage from a hammer incident would likely be limited to the system. 

How much material is released? 
Steam would be released, possibly in sufficient quantities to cause serious burns to nearby personnel. 

Can the operator(s)/worker(s) be contaminated (to a greater extent than outer protective wear 
contamination) ? 
Contamination is not a factor in this procedure. 

Can the operator(s)/worker(s) be injured? 
Yes, the entire range of injuries from minor to death can result from hammer related incidents. 

Can the operator(s)/worker(s) be killed? 
Yes, there has been one death related to steam hammer within the last 2 years at Hanford. 

What is the most likely accident to occur that can injure an operator/worker? 
The introduction of steam to a system containing water will result in a hammer effect. This can lead to the rupture c 
the system lines and personnel being burned by the steam. 

Do you recommend a more systematic and thorough determination of "What can go wrong?", "What are 
the consequences?", and "How likely is it?"? 
Yes, a JSA would be an appropriate means to evaluate the current procedure to determine if the proper controls ai 
in place to prevent hammer type incidents and prevent injury to the workers. 

Does the completion of this work activityplace extra or unusual demands on systems, programs or 
personnel? 

No, this is a routine facility activity. 

Cognizant Engineer Date 
Safety Analyst Date 

Preliminary Hazard Screening Assessment (PHSA). (part 2 of 2). 
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Appendix C: PUREX USQ Screening Form 

PUREX USQ Screening Form 

Originator 
Reference Item #: 
Title: 

INTRODUCTION 

1. Summarize the issue 
2. 
3. 

Identify the operating parameters and systems affected by the issue. 
Identify the bounding accident(s)lcondition(s) for this issue. 

SCREENING 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Doesldid the issue increase any of the following, as described explicitly or implicitly in the authorization basis? 

Hazards Inventory No- YesIMaybe- N /A- 
Isotopic Distribution (Change) No- YesIMaybe- NIA- 
Chemical reactivity No- YeslMaybe- NIA- 

Doesldid the issue changelexceed any bounding conditions or assumptions used in the prevention of criticality 
or control of other hazardous materials? 

No- YesIMaybe- NIA- 

Doesldid the issue impact, either directly or through system interactions, any systems identified in the 
authorization basis as mitigating or preventing accidents? 

No- YeslMaybe- NIA- 

Doesldid the issue introduce the potential for a new accidentlhazard not previously analyzed or bounded by 
those identified in the authorization basis documents? 

No- YeslMaybe- NIA- 

Doesldid the issue change (add, delete or modify) any OSRsKSRs and related safety limits or LCOs including 
margins of safety? 

No- YeslMaybe- NIA- 

Doesldid the issue involve any experiments or tests not described in the authorization basis? 

No- YesIMaybe- NIA- 

Doesldid the issue increase the number of times an activity is performed to a level greater than for routine or 
normal facility operations? 

No- YesIMaybe- NIA- 

Unreviewed Safety Question Evaluator #I DATE Agree- Disagree- 
Unreviewed Safety Question Evaluator #2 DATE Agree- Disagree 

Provide justification for the response to each question. Attach extra pages as necessary. 

~ 

USQ Screening Form. 
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10. SOME PROJECT MANAGEMENT LESSONS LEARNED 

The experience in this chapter is contrasted with that in Chapter 9 in that this has more of a 
management focus. Most of the subjects discussed here have been selected primarily from the 
PUREX Lessons Learned History'. That report contains considerable background and 
elaboration of details for the results here, as well as a discussing many other specific lessons 
beyond the scope of this handbook. 

10.1 Project Management Plan Organization 
The overall Project Management Plan for the deactivation was a large and encompassing 
document that might better have been broken into separate strategic and technical components to 
make it easier to revise and function as a "living" document. 

Based on the 1992 advice of the Independent Technical Review Team, it was decided early that 
there would be no Project Plan, and that the information normally included in such a document 
would be fitted into the Deactivation Project Management Plan. As a result, the original 
PUREX/UO3 Deactivation Management Plan, prepared under the guidance of DOE Order 
4700.1, Project Management, was large. It attempted to encompass regulatory planning, safety 
strategy, scheduling and budgets, numerous technical plans, management and organizational 
structure, information and reporting requirements, safeguards and security plans, records 
management, a plan for managing critical skills and work force re-deployment, stakeholder 
involvement, an S&M plan, waste management, and provisions for quality assurance. When 
issued as a draft, the document filled over 220 pages. After stakeholder and DOE review, the 
document became even longer. Although useful as a comprehensive record, it was unwieldy to 
review and revise and thus lost much of its flexibility and usefulness to the project. Also, the 
work breakdown structure was not well defined nor structured for a true project in this document, 
and the plan did not contain the same level of detail for S&M activities as for deactivation 
activities. Limited detail was provided for the technical baseline as was integration with other 
Site management systems. 

Lessons: 
A short, high-level Project Plan would be a better tool for setting overall deactivation 
strategy. Sub-plans dealing with various issues such as regulatory compliance, safety 
strategy, stakeholder involvement, etc., then could be issued as supporting or ancillary 
documents. Each document then would be more ''alive" in that it could be revised and 
implemented more quickly without waiting for total consensus on all sectors of the 
project. 

A Deactivation Project Management Plan should focus primarily on the baseline, baseline 
control, reporting, management, and summary sections. The project control system is 

0 

D. G. Hamrick and M. S. Gerber, PUREX/U03 Facilities Deactivation Lessons Learned History, WHC-SP-1147, 
Rev l., September 1996. 
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crucial and should be consistent with project management methods rather than with 
operating methods. 

Management flexibility is essential: 

- Creativity and forethought, such as was displayed in the PUREX sale of excess bulk 
chemicals (see Chapter 9), can be employed even in standby periods, to the benefit of 
a facility. Even during periods when clear direction is lacking and when mission 
flexibility needs to be preserved, some steps can be taken to deactivate portions of a 
large facility on a temporary basis and bring down costs. Those who know the plant 
most intimately are best equipped to brainstorm the specific ways to implement 
cost-saving steps. 

- While an early deactivation plan provides a good starting point for activities, facility 
managers and work planners should watch for opportunities to combine or accelerate 
tasks throughout the project. New and creative resolutions, resulting in cost and time 
savings, can present themselves as the facility representatives meet with regulators, 
crafts people, and others who may have input. 

10.2 Decoupling from Decommissioning Decisions (or not) 
Because many years may pass, or can be expected to pass, between deactivation and ultimate 
decommissioning of major DOE facilities, the exact needs, methods, and end states of 
decommissioning in the 2 1 st century cannot be anticipated. Therefore, a functional matrix-based 
approach to deciding which deactivation tasks add value to a project is better than establishing 
vague end point criteria. 

With a long lag time between deactivation and eventual decommissioning, planners of the 
deactivation project could not know nor anticipate the methods, needs, and capabilities of future 
decommissioning endeavors. In other words, factors ranging from technology to public desires 
could change the character of 2 1 st century decommissioning efforts into forms not even 
imaginable by today's planners. Therefore, it is important to concentrate on developing a 
methodology for making deactivation decisions, such as discussed in Chapters 5 and 6, rather 
than on defining specific ultimate decommissioning. 

On the other hand, if there has been a conscious decision to completely decommission in the near 
term, then it is important that those responsible for that phase participate in end point decision 
making and specification. 

10.3 Contiguous Facilities 
There are many facilities that are small, and/or abandoned, and/or contiguous with other facilities 
that remain operational. While the graded approach of this handbook can be used (represented 
by Chapters 5 and 6), more specific guidance is needed for such situations. 

The B-Plant/WESF2 complex at Hanford is in the process of adapting the end points approach to 
deactivation in which WESF, which is attached to the B-Plant canyon will remain operational. 

Waste Encapsulation and Storage Facility 
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Decoupling WESF's dependence on B-Plant systems and rooms is a significant part of the 
deactivation project. 

For process and utility systems, as well as operational areas, to the extent practical, decoupling 
should be physical (as opposed to administrative) when there will be a long-term substantial 
difference in missions between the two portions of the facility. In some cases, it may be cost- 
effective to isolate and abandon entire service systems and install a more limited capability for 
that part of a facility to remain operational. 

10.4 Scheduling 
Scheduling for a deactivation project takes on a much different flavor than for operating a 
facility. Managers must not assume that a scheduling process they have used in the past will be 
sufficient for what can be a multi-year, thousand task effort with a substantial number of work 
packages and several complex sub-projects. 

Lessons 
The end point criteria process should be in place before the deactivation schedules are 
developed. Such an approach can better use end point criteria to guide decisions in terms 
of which specific tasks are or are not scheduled. 

The practice of generating fully developed, integrated, resource-loaded schedules, while it 
is time-consuming in itself, saves money for a large project in the long run. The costs 
and efforts of producing the schedules are vastly surpassed by the cost savings that result 
from avoiding the work delays and duplication that would occur without such schedules. 

Schedules in large and complex deactivation projects need to have the capacity to easily 
incorporate change. They need to be "living" schedules because no person or collection 
of persons, however knowledgeable, can anticipate all of the various changes that will 
occur over the life of the project. 

The software package chosen for a large deactivation project should be evaluated 
carefully before it is adopted. The sheer size and complexity of integrated, 
resource-loaded schedules that guide thousands of tasks demands software of huge 
capacity and flexibility. In retrospect, a different software might have better served the 
needs of the PUREX project. 

10.5 Use of Independent Reviewers 
The early involvement of an independent technical review team to review a major deactivation 
operation and make overview recommendations provides healthy and useful input. It allows the 
operation to be viewed by those with experience in the commercial world, and by those not 
directly tied to, nor constrained by, the day-to-day concerns of facility operations and 
management. It also provides a challenge to the facility staff to think of the deactivation project 
in different terms. In terms of broad concepts, the value of independent oversight is 
immeasurable. 
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However, advice of an independent review team in attempting to scope and define specific work 
tasks and pathways within a large deactivation project is less helpful than the broad overview 
perspective brought by such a team. 

Very limited, narrowly-focused, short term technical reviews by outside experts on a case-by- 
case basis can be extremely useful for providing a "fresh look" at a problem area. In chartering 
such efforts, it is important to use individuals with expertise regardless of their organizational 
affiliation (so long as there is no conflict of interest). That is, hire individuah for such jobs, not 
organizations who will have an interest in only using their personnel. When such efforts warrant 
a team study, consider the use of on-site staff from other parts of the organization. 

10.6 Safety Documentation 

Lessons: 
Worker health and safety, always a DOE and contractor concern, has been elevated in 
recent years to even more important status. Often, worker safety and health aspects of 
older facility safety documentation will prove to be the area wherein such documentation 
falls short of modem standards. It is extremely important that worker safety and health 
considerations, comparable to or exceeding the levels demanded by OSHA, be 
incorporated into newer revisions or supplements of safety documentation. 

Worker involvement and a graded approach to the levels of safety analysis required for 
various deactivation tasks are keys to making the safety analysis process useful, efficient, 
and satisfactory to all concerned. The graded approach is cost effective in that it does not 
demand a high level of analysis for simple jobs already covered in established 
procedures. Worker involvement is also cost-effective in that it provides a higher level of 
assurance that workers are participating willingly and without hesitation in the jobs that 
are required for facility deactivation. 

Existing safety documentation from facility operational periods should and can be used in 
creative and careful ways as the basis for deactivation project safety documentation. 
Revisions, comparisons, "crosswalks," and other types of screening procedures can be 
used to evaluate which deactivation actions may be covered in existing documentation, 
and which actions need supplementary coverage. However, such comparison efforts, 
performed by those who know the facility well, are more cost-effective and time-efficient 
than the preparation of all new safety documentation for facility shutdowns. 

Workshops and other joint working efforts that bring together the principals interested in 
safety documentation, DOE, the operating contractor, consultants, and independent 
experts, are important early in a deactivation project for brainstorming and establishing 
the major cornerstones of consensus about the safety documentation. 

0 

10.7 Regulatory Interaction 
The basic philosophy should be to meet the intent of the regulations while at the same time 
avoiding costs that did not make sense for facilities that soon would be closing. Through 
extraordinarily effective teamwork, regulators and Hanford Site officials achieved breakthroughs, 
such as a two-phased Closure Plan, which can be used to guide other facilities. In terms of safety 
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documentation, the objective was to ensure safety but to avoid unnecessary documentation costs 
for the project. In the area of worker safety and health, a unique graded approach was developed 
that is being adopted across the DOE complex. 

Lessons: 
Every effort should be made for facilities to coordinate their status and potential 
regulatory situations to DOE-HQ on a constant basis, to avoid sudden or unexpected 
shutdown orders. Better planning and communications between the DOE and its 
contractors should be instituted in the future, so that facility preparations for the 
consolidation and disposition of hazardous materials can begin prior to the arrival of 
formal closure orders. The PUREX facility was in possession of a number of substances 
for which there were no RCRA permits after the operational/standby status of the facility 
changed. Likewise, NEPA documentation might/could have been prepared as part of the 
deactivation decision, and in support of that decision. 

It is essential to involve and inform regulators early in any regulatory process or 
negotiation. A cooperative spirit is established by such actions, and joint efforts then can 
be directed at solutions rather than into confrontational or penalty-based actions. The 
regulatory dilemmas inherent in the PUREX deactivation project were unique and 
first-of-a-kind. Early and open communication with regulators was crucial to finding 
acceptable solutions to these dilemmas. 

Regulatory issues and needs must be communicated by contractor and DOE experts to all 
of the managers, engineers, and work planners at a facility. Just as understanding the 
methods and needs of the scheduling professionals by the plant operating personnel 
contributed to better schedules, likewise understanding of regulatory requirements by 
facility operators will (and did at PUREX) help ensure that regulatory mistakes and 
violations are avoided. 

For facilities in states that have negotiated special agreements with state and federal 
regulators (such as the Hanford Site's Tri-Party Agreement), such agreements can serve to 
break regulatory impasses that might be encountered under RCRA and other statutes. 
Because the Hanford Site Tri-Party Agreement has legal precedence over some other 
environmental laws, it can be a useful tool in negotiating creative solutions in response to 
unique needs. One example of such a prototypical solution might be a two-phase Closure 
Plan for PUREX. 

Emissions Comparison Documents are a useful tool in saving the costs and time that 
would be necessary to prepare full new permit applications for deactivation actions. The 
unique and successful use of such documents at the PUREX and UO, Plants should be 
extended to other facilities undergoing deactivation. 

The NEPA screening approach taken in the PUREX and UO, facility deactivation is an 
extremely helpful and precedent-setting activity. Because an operational EIS existed, it 
was possible to comply with NEPA requirements without preparing a new EIS for 
deactivation. This action saved enormous amounts of time and money, and in particular 
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should be highlighted and used at other facilities that are undergoing deactivation and that 
possess existing EIS documentation. 

10.8 Stakeholder Interaction 

PUREX Lessons: 
Public and tribal involvement is essential to the success of major deactivation projects. 
Such involvement should be started early, and should include initial efforts to assemble 
and distribute informational documents that allow non-technical people to understand the 
history, operations and condition of large, complex facilities. The provision of such 
documents can save enormous time for plant personnel that might otherwise have to be 
spent answering repetitive questions. It also can prevent a domino-effect of 
misunderstandings about the deactivation, based on basic misunderstandings of plant 
functions, layout, history, chemical and radiological inventory, and many other topics. 
Plant tours also are important to helping stakeholders understand the scope of the 
physical plant itself, the deactivation project, and the work being performed. 

Once the common information base is established (the first phase of public involvement), 
the public involvement process should become a dialogue. Two-way, iterative 
communication is essential. Plant personnel must truly listen to the values, motivations, 
and concerns of stakeholders, and must be willing to change their ideas based on the input 
of others. The era of singular federal decisions clearly is over, and leadership in the new 
era means flexibility and trust. Compromises can be reached, and the value of obtaining 
the buy-in of regional stakeholders can ensure the long-term success of deactivation 
projects and other DOE missions. 

Communication with facility employees (a key stakeholder group) is essential, especially 
in view of the fact that employees of a successful deactivation project literally work 
themselves out of their jobs. They must be kept appraised of project goals and their roles 
in achieving these goals, and they must be given guidance on how and where their 
''shutdown skills" may be applied in new, future positions. 

Stakeholder involvement extends to many external review groups that have an interest in 
various aspects of a complex, prototypical facility such as the PUREX Plant. During 
1993 and 1994, the PUREX facility was subject to a Spent Fuel Vulnerability 
Assessment, a Chemical Vulnerability Assessment, a Plutonium Vulnerability 
Assessment, reviews by the Defense Nuclear Facility Safety Board, the General 
Accounting Office, and DOE-HQ special safety teams. It also experienced a vast 
increase in requests for tours and media information associated with its being a 
deactivation project model. Support for all of these requests for information must be 
factored into deactivation project costs and personnel needs. However, one innovative 
cost saving method adopted at PUREX and available to other plants is to prepare video 
tours and information packages that can be duplicated and used many times. 
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1. INTRODUCTION 

Subiects of This Chapter 
This chapter introduces the basic concepts of deactivation and the policy bases for an end points 
approach. It includes: 

The Deactivation Mission 

0 The Deactivation "Customer" 

Handbook Incentive and Purpose 

Deactivation Relative to Decommissioning 

1.1 The Deactivation Mission 
The Department of Energy faces an enormous task in disposing of the nation's surplus nuclear 
defense facilities'. There are many of these facilities, they are large and complex, geographically 
widespread and, in many cases, contain potentially hazardous industrial, nuclear, or radiological 
materials. Eventually, all must be decommissioned2, but it is not possible to do so immediately 
and simultaneously for all facilities. 

To deal with this challenge, DOE has developed an overall strategy of stabilizing and 
deactivating facilities on a priority basis. This means achieving, as soon as reasonable for as 
many facilities as possible, a condition which is safe, stable, and economical to monitor and 
maintain for an extended period while awaiting final decommissioning. In this way, DOE can 
apply its resources to accomplish the greatest net gains in facility safety and stability in the 
shortest time, 

Figure 1-1 provides a perspective to the increasing level of detail for translating EM-60's mission 
into a vision of a deactivated facility. At the top level, the mission is one of stabilizing and 
eliminating hazards and reducing operations to the point where a facility is safe and economic to 
maintain. 

"Facility" means a clearly delineated set of physical structures and associated equipment and material and not 
necessarily a single building. 
"Decommission" as used here refers to activities (decontamination, dismantling, etc.) to place a facility in its final 
disposed-of condition. 
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Figure 1-1 Mission, Expectations, and End Points Perspective 
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Expectations for a Deactivated Facility 
At the completion of deactivation, it is expected that a facility and its contents will be in a safe, 
stable, mostly or completely passive state that can be monitored over a long period with minimal 
cost. Requirements for service support, by humans and by active hardware, should be minimal 
after deactivation is complete. Radioactive contamination can exist as well as materials 
classified as hazardous; under the condition that they are determined or caused to be immobile 
and controllable. The degree of property protection, such as (but not limited to) fire protection, 
should be at the minimum consistent with the value of and contained hazards in the facility3. 

Referring to the middle level of Figure 1-1 , the overall expectations at the completion of 
deactivation can be viewed as the following conditions having been established: 

1. Completion - Deactivation shall be complete as defined by end points and facility 
conditions clearly documented. 

2. Regulatory Status - The regulatory status of the facility with respect to radioactive and 
hazardous materials and health and safety requirements shall be documented with special 
emphasis on conditions which do not meet regulatory requirements. 

3. Physical Integrity - The facility's structures and support systems, and surveillance 
systems are in a physical condition sufficient to contain and monitor contamination, 
radiation, and other potential hazards, The conditions and inventories are documented 
and the facility is appropriately posted and secured. 

4. Material Stability - Special nuclear materials, reactor fuels, high level waste, and other 
packaged waste are removed. Bulk hazardous and radioactive materials are removed to 
the degree practicable. 

5 .  Security - Security systems and procedures are adequate to prevent unauthorized entry. 

6. S&M Plan - A comprehensive S&M Plan (including cost estimates) is prepared in 
cooperation with the organization that will assume management for the deactivated 
facility. S&M funding arrangements have been established. 

Deactivated Facility End Points 
To achieve these expectations, the details of the deactivated facility's conditions are subject to 
specification of end points for the facility's spaces, systems, and major equipment. The result 
flows from a systematic process that will result in hundreds, to a thousand or more, explicitly 
stated conditions to be achieved. How to obtain this result is the focus of this handbook which is 
depicted at the base level of Figure 1-1. 

It is also expected that this deactivated state will be achieved as soon as is reasonable. Doing so 
means that end point requirements should be minimized in terms of the effort to achieve them, 
and consequently, work that cannot be shown to achieve a deactivation goal should not be done. 
Minimizing the schedule will also minimize the cost associated with surveillance and 

And, of course, in accordance with DOE orders; or granted variances or exceptions to those orders. 

1-3 



maintenance while deactivation activities are being conducted. Of course, such minimization of 
requirements and schedule must be done consistent with safety during deactivation as well as in 
consideration of the limited activities during subsequent S&M phases. 

1.2 The Customer for a Deactivated Facility 
A deactivation project is necessarily conducted with "customers'' in mind. The manager of a 
deactivation project has two primary customers. The DOE field office is the customer for 
performance of deactivation in accordance with policy and contracts. The second customer is the 
organization that will receive and take on management responsibility4 for the facility after 
deactivation has been conducted. For both, the definition of completion is very important. Each 
must be integrally tied into the completion process at an appropriate level, among which are 
methods, criteria, detailed specifications, and execution. 

Achieving completion is a process of accomplishing deactivation activities, evaluating the 
results, and negotiating differences between what has been achieved and the customer's 
expectations so that the transition to the receiver can be accomplished. For the EM-60/EM-40 
transition, experience is being developed for accomplishing this transition and is well along at 
Hanford. For other types of receivers, and for other sites, that experience is valuable. This 
handbook strives to provide sufficient details such that, with respect to completion of a 
deactivation project: 

The field office customer can use the information herein to anticipate and stipulate what 
is expected of its contractors for specifying and achieving deactivation project end points. 

So the deactivation contractor can determine how to satisfy its field office customer. 

So a smooth transition will be achieved between the implementing contractor for 
deactivation and the receiving organization customer. 

The latter point cannot be overemphasized, especially for facilities that remain contaminated 
after deactivation. The receiver (e.g., EM-40) will have much at stake from a long-term 
perspective and thus must be an active participant throughout the process leading to definition of 
completion. 

1.3 Purpose of the Handbook 
This handbook focuses on 1) the part of project planning that specifies when deactivation tasks 
are complete ("end point"), and 2) deactivation practices. The methods described can be readily 
adapted to a wide range of facilities; they are intended to expedite choosing how to proceed with 
end point planning and implementation5. 

The Office of Environmental Remediation (EM-40), their OperationdField Office counterparts, and contractor 
support organizations are the current recipients of deactivated facilities that remain contaminated. 
In some cases, the primary objective of a project is stabilization of material or a facility. The basic approach in 
this handbook can be adapted to such projects. However, for stabilization projects, more front end effort may be 
necessary to define the end point method matrices and checklists in this handbook. 

1-4 



The motivation for this handbook flows from several specific sources: 

Management Directive - EM-60 has directed that end points planning is essential and 
required for accomplishing deactivation. The handbook provides field personnel with 
examples that can be used for that purpose. 

This handbook supports the broader set of EM-60's Project Management policies, 
guidance, and lessons learned encompassed in Material Stabilization and Facility 
Deactivation Proiect Policies and Supplementaw Information, Volume 1 : Policies, and 
Volume 2: Supplementary Information, July, 1995. 

For those facilities that will, or are candidate for, transfer to EM-40, an important 
document that should be used together with this handbook is the Environmental 
Management Decommissioninn Resource Manual6, DOE-EM-0246, August 1995. That 
document can be obtained from the Remedial Action Program Information Center 
( W I C )  at Oak Ridge. 

Precedent and experience to manage, engineer, and carry out projects to place contaminated 
facilities in a deactivated condition is limited. The number and scale of such projects facing 
DOE is huge. It is therefore essential that experience gained as facilities are deactivated be made 
available across DOE'S complex of facilities. The purpose of this handbook is to be one such 
vehicle for making experience available to others who have a need for methods to plan and 
conduct deactivation. 

It has been observed at several facilities that deactivation planning documents involve much 
writing, often re-stating descriptions of the facility, regulatory requirements, and site procedures 
which should be well known to the persons who will be conducting the deactivation work. 
Creating such documents requires substantial effort and in many cases is redundant with other 
existing documents. An objective of this handbook is to provide templates, forms, charts and 
lists that can be adapted with minimal effort and minimize the need for new writing. 

1.4 Note to Deactivation Project Managers 
Handbook Requirement Status - Because of the wide variation in facilities, project managers 
must have flexibility in applying methods for end point planning. Accordingly, the content and 
format of the material in this handbook is neither an order nor a requirement. 

Handbook Scope Limitation - While most of the contents of this handbook relate directly to 
project management and project engineering, it is not intended to be a complete reference for 
deactivation project planning nor is it a method for overall project management planning. It 
provides support for one important aspect of proj ect management; namely, identifying the end 
points. 

Further, the handbook is not intended to address programmatic issues. For example, while end 
point planning can be used to generate schedules and estimate costs, decisions related to how 
much funding to allocate to each deactivation project are beyond the scope here. 

~ 

Referred to throughout this handbook as the Decommissionina Resource Manual. 
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Use of End Points to Implement Other Policies - An end points method can serve to fulfill a 
variety of other EM policies or commitments. It has been found extremely useful as a means of 
reaching agreement with other parties, such as state environmental regulators, for defining 
mutual objectives. It should serve the Defense Nuclear Facilities Safety Boardk 
recommendations to use systems engineering, even though the methods here appropriately vary 
in detail from systems engineering applied to new construction. EM'S Data Quality Objectives 
(DQO) approach can be applied to characterization of the facility upon completion of 
deactivation. 

1.5 Background - Deactivation Relative to Decommissioning 
The facility deactivation mission has been assigned to the Office of Nuclear Material and Facility 
Stabilization (EM-60). In carrying out its mission, EM-60 typically receives a facility7 from the 
program office that currently has responsibility for it. After deactivation, management 
responsibility is generally transferred from EM-60 to EM-40 for decommissioning and/or to 
other organizations for ultimate disposition. 

Figure 1-2 depicts a surplus facility's transition from operation, through deactivation and 
extended term surveillance and maintenance, to ultimate decommissioning. The concept is 
shown in the context of budget and schedule. (Note - This figure is "idealized"* for purposes of 
illustration. A specific deactivation case is shown in Figure 1-3.) Four major periods are 
illustrated in Figure 1-2, each of which is described as follows. 

Period 1. Operation 
This is when the facility is operating or shut down, but is under the control of a program office 
with a defined mission. Once this program office establishes that there is no further need for the 
facility, it is declared surplus and turned over to EM-609. Authorization for declaring a facility 
surplus requires approval by both DOE'S Field and Headquarters office. Agreements reached at 
this time between the operating program office and EM-60 will define the condition of the 
facility at turnover to EM-60. Where possible, materials requiring special handling (e.g., 
classified equipment or nuclear materials) should be removed at shutdown. 

Period 2. Deactivation 
During this period EM-60 has management responsibility. Surveillance and maintenance 
continues to assure public, environment, and worker safety. A determination must be made as to 
whether the facility will be deactivated for reuse or deactivated in preparation for decommis- 
sioning (decontamination and/or dismantlement). The organization that will be responsible for 
follow on activities must be involved in this determination. 

See DOE Order 430.1, "Life Cycle Asset Management" 
* Sufficient experience is not available to develop a profile that illustrates a generic case, if in fact there is such. For 

example, the spending profiles for some facilities are quite flat once deactivation starts which could result from 
institutional constraints, lack of management coordination, and other factors. See the PUREX experience in the 
next section. 
Upon completion of specific requirements and meeting the conditions identified in DOE Order 430.1. 
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For a few facilities a stabilization campaign in the beginning stages of deactivation is prudent to 
establish better conditions before proceeding to final shutdown. For example, a run to process a 
large quantity of highly radioactive or chemically reactive liquids for the purpose of clearing 
process systems, or, removal of nuclear fuel for the purpose of clearing a storage area, or increase 
in S&M where past practice has left fissile material conditions that must be remediated. 

As deactivation proceeds, unneeded systems within the facility are terminated, the hazards are 
reduced, and the surveillance and maintenance burden decreases commensurate with achieved 
risk reduction, resulting in a stable, low risk condition which is economically and technically 
practical to maintain for an extended period. Update of safety documentation to reduce a 
facility's hazards classification will be of value to post-deactivation surveillance and 
maintenance. 

Activities during this period, for example, include disposal of hazardous chemicals, isolation of 
systems and equipment, and removal of valuable surplus equipment. Qualitative characterization 
should be conducted for remaining contamination and waste, and for other sensitive materials1° 
that cannot be removed. This is to support safety updates, choosing deactivation end point 
criteria, and planning post-deactivation surveillance and maintenance. 

Period 3. Post-Deactivation Surveillance and Maintenance 
The facility is in a safe storage mode, with ongoing, low levels of surveillance and maintenance. 
The general intent is that the facility be unoccupied and locked except for periodic inspections. 
If the period between deactivation and ultimate disposition becomes extended, an occasional 
need for refurbishment may be needed; for example, roof repairs, exhaust fan replacement, 
surveillance instrumentation maintenance, etc. EM-40 will conduct this continuing surveillance 
and maintenance at deactivated facilities prior to their decommissioning. Radioactive and 
hazardous materials may remain in the facility and are subject to ongoing regulatory oversight. 

Period 4. Ultimate Disposition 
Based on DOE'S available resources, ultimate disposition of the facility will be scheduled in 
accordance with an overall national priority. 

lo  Chemical, hazardous, radioactive, fissile, nuclear fuel , special nuclear, and other accountable materials. 
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1.6 Example Cost Profile 
Figure 1-2 shows an idealized construct of deactivation costs. Figure 1-3 shows the history and 
projection for PUREX costs, a deactivation project which used much of the methods described in 
this handbook. It is seen in this figure that between 1993 and 1996, the spending rate was greater 
than had operation of the facility continued without change. Savings are realized after 
deactivation by the elimination of substantial annual costs and replacement with a low S&M 
budget. In this case, payback for the 1993-1996 investment is realized about the time that is 
deactivation completion in 1997. 

Figure 1-3 Example Deactivation Cost Profile 
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2. DEACTIVATION MANAGEMENT 

Subiects of This Chapter 
This chapter provides and overall view of a deactivation project, primarily in the context of 
completion planning. Subjects addressed include: 

0 

0 End Points Specifications 

0 

0 

Viewing Deactivation in Two Phases for Complex Facilities 

Project Approach for Complex Facilities 

Graded Approach for Non-Complex Facilities 

Deactivation Organization Teams and Responsibilities 

2.1 Viewing Deactivation in Two Phases for Complex Facilities 
In general, for complex facilities with a multitude of structures, systems, and components, 
deactivation implementation occurs in at least two phases. Figure 2-1 illustrates this point. The 
first phase deals with the "big picture" strategic issues and is referred to as "early decisions." 
The second phase addresses details of the final condition and is referred to as "detailed end 
points." The importance of this two phase view is that most major decisions should be made 
early while decisions on final conditions for individual areas of the facility can be made 
somewhat later. Indeed, early decisions will often be necessary before the latter can be specified. 

Early Decisions 
- Establish overall end point 
- Facility specific commitments 
- Early deactivation tasks 
- Hazard reduction 

Detailed End Points 
- Post deactivation S&M plan 
- Set up method & criteria 
- Specify end points 
- Deactivation work plans 
- Establish end point conditions 
- Continuing S&M 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

0 
U I 

0 n 

Prelim a Final 
I 

I 
0 I 

0 I 0 - 
b 

Deactivation -& 

Figure 2-1 Two Phases of End Point Development 
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2.2 Early Decisions 
The top portion of Figure 2-1 refers to decisions that affect the overall plan, or that require major 
efforts which must be addressed first. The overall facility end point goals must be stated very 
early in the deactivation planning because they are what describe the project goals in strategic 
terms. This approach will allow planning to be specific and minimize the need for a conservative 
approach resulting from objectives that are not clearly defined. 

When possible, these type of early decisions should be initiated before deactivation formally 
begins. This is not necessary, but quite often there will be advance efforts for the major 
decisions. Also, some deactivation or stabilization tasks may begin before an end points 
specification method is selected and end points specified. Where deactivation is initiated prior to 
detailed end point criteria being established, an assumed, realistic, overall facility end point must 
be decided and stated by management so that a reasonable planning effort may begin. 

Early decisions can address a wide variety of issues, all of which can affect many of the 
deactivation tasks. Examples are given below in categories of policy and operational issues. 

Policy issues are those that are not directly related to the operation of the facility and can include, 
for example: 

e 

e 

e 

e 

e 

0 
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Receiving organization - what organization will take responsibility for the facility after it 
is deactivated? 

Post deactivation disposition - will the facility be placed in a monitored storage (S&M) 
condition or will remediation begin immediately? 

Future use of facility - Are there any future uses of value? Is economic development 
and/or sale or granting of the property to other entities a consideration? Does part of the 
facility remain operational? Does this make sense from a "life cycle" cost standpoint, or 
is it better to separate those portions administratively and operationally? 

Is immediate demolition in place of deactivation an option? This will depend on the 
condition of the facility, funds availability, and agreements. Regardless of the answer, 
some effort to reduce a high S&M burden is warranted. 

Material disposition - Are there significant quantities of material in the facility that must 
be disposed of? Are there disposal sites available for waste, either radioactive or 
hazardous? 

- Radioactive waste and processed fission products, corrosion products, TRU - What 
are allowable concentrations and waste form? 

- Bulk chemicals in storage - Can the material be a resource for some other operation; 
or, disposed of by commercial sale? 

- Uranium and Plutonium , fuel or SNM, and other types of nuclear and non-nuclear 
programmatic material - quality and quantity are key. 

Material interim storage needs - referring to the list above, is there a need to store 
materials for some indefinite time? If so, what are the options? 



What should be the goal for the hazard category and safety basis of the deactivated 
facility? Related to this question is the need to interact with the receiving organization to 
ensure it is aware of, and ready to make, adjustments to its technical capability needed to 
perform the post-deactivation S&M. 

Examples of early decision operational issues include: 

Is there operational know-how that must be used early before personnel retirement or 
work force reduction? If so, what are they? 

Are there major hazards for which it is prudent to stabilize or reduce for the benefit of 
future decommissioning workers or during the post-deactivation S&M period? 

What is the fastest way to reduce the surveillance and maintenance burden while 
deactivation is in progress? 

How do NEPA, RCRA, CERCLA, etc., impose requirements for cleanout of process 
systems, tanks, and other storage? 

Ventilation and other services - Is ventilation needed during post-deactivation S&M to 
ensure positive control of contamination? What services can be terminated without 
significant consequence? 

Structural Stability - Are buildings structurally stable for post-deactivation S&M? 

A goal of early project planning should be to identify such policy-related and operational issues 
that specifically apply to the facility. Related decisions that will constrain, dictate, or otherwise 
affect detailed deactivation planning must be made as soon as possible. 

Establishinp the Overall End Point 
To the extent possible, a facility's expected condition at the completion of deactivation should be 
stated. This will provide a basis for proceeding with planning for early tasks and completion 
activities. For example, the conditions to be established can vary considerably if a facility is to 
be decommissioned immediately after deactivation, contrasted with being placed in a monitored 
storage state. 

Facility-Specific Commitments 
Negotiated agreements and special requirements resulting from regulatory and other stakeholder 
interests may have some impact on the condition of the facility after deactivation. If there are 
specific commitments that need to be considered in end point planning, they should be identified 
early so they can be included in end point specifications. 

Earlv Deactivation Tasks 
There are tasks that will be required regardless of the detailed end points. These can get started 
as soon as budget and personnel are available. The early overall Facility End Point decision 
(planning), may lead to conclusions that some of the detailed end points are intuitive. To 
maximize use of available personnel, some of these activities can be planned and initiated in 
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parallel with preparation of the end point criteria and detailed planning. There will be a 
tendency, however, to do "too much'' and care must be taken to avoid proceeding too far without 
first reaching the next step of detailed end points planning. 

+ 

Hazard Reduction 
Elimination and mitigation of significant chemical, nuclear, or radioactive hazards can often be 
substantial projects of their own. Examples include purifying and disposing of acids or caustics, 
shipping of spent nuclear fuel to a central repository, or disposal of radioactive solid waste that 
is not integral to the facility's equipment. Such projects may start in advanced of detailed end 
point work since removal may be prerequisite to proceeding with other deactivation work. 

End Point Inputs 

1. Overall Facility End Point 
2. Detailed End Points Specification 

2.3 Detailed End Points 
The lower portion of Figure 2-1 refers to a second phase of specifying and establishing detailed 
end points for the conditions of spaces and equipment within the facility. Figure 2-2 illustrates 
the relation of overall and detailed end points specification to other deactivation project 
management tasks. Specifying end points are an integral part of deriving the project work 
breakdown structure, schedule, and budget. While preliminary projections can be created, 
sufficient data for budgeting will only be available when work planning is conducted with an 
explicit set of area, equipment, and documentation goals. 

WBS 
WBS Dictionary 
Schedule 

Project Inputs 

Budget Constraints 
Resource Availability 
Early Deactivation Task Decisions 
Landlord Decisions 
Regulatory Commitments 
Stakeholder Commitments 
RisWHazard 

..... etc. ... . 
Work Plans 

Achieve 
End Conditions 

Figure 2-2 End Points Input to Project Management 

A project's WBS (work breakdown structure) and WBS dictionary are first developed followed 
by detailed cost estimates and schedules. The plant engineers who will do end point 
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specifications must be involved with developing the WBS and WBS activity descriptions. (The 
detailed project cost estimate and schedule are used as the project control baseline.) Until end 
point specifications are established, job definition, scheduling, and estimating cannot be 
completed. 

Set Up Method and Criteria 
It is important to start end point planning and specification as soon as possible so the results can 
support scheduling and budgeting. The early steps, as discussed in Chapter 3, of setting up for 
determining end points requires minimal resources. A management position of "its too early for 
end point planning" is not acceptable. 

The first step in end points planning is laying out the method to be used. This handbook 
provides detailed examples of how that can be done. 

In contrast to early decisions, the more detailed area and equipment related end points are less 
likely to affect the overall deactivation approach and are more likely to be able to be specified 
based on judgment (that is, do not require intensive analysis). Thus, as long as planners are 
properly versed in avoiding specifying excessive efforts, they can approve commencing some 
deactivation activities in parallel with development of the detailed end points specifications. 

Post-Deactivation S&M (Surveillance and Maintenance) Plan (Preliminary and Final) 
Presuming a facility is not to be immediately dismantled, a key element of end point planning is 
knowing what the post-deactivation S&M activities will be so that conditions can be established 
to support them. An S&M plan will clarify some of the goals for deactivation activities and 
influence the deactivated facility configuration. However, end point planning should not await a 
complete, final, detailed S&M plan. It is important that a preliminary S&M plan be written as 
soon as possible during deactivation to lay out the anticipated S&M routine, even if the full 
details cannot be specified. The final S&M plan, which fine tunes these details and addresses 
other subjects not significantly affecting deactivation work, can then be developed in parallel 
with the work. 

Specify End Points 
SpecifLing end conditions is the beginning of the labor intensive part of the end point planning 
process. Facility end points are derived for plant areas, structures, systems and equipment. 
Facility end point specifications must be quantitatively measurable where possible, and in all 
instances explicit. When the receiving organization is identified (a "customer"), obtaining its 
agreement with the end points is essential so that later turnover'for post-deactivation S&M will 
proceed smoothly. 

Deactivation Work Plans 
From the end point specifications, which say what must be done, work packages are developed 
by plant engineers to say how to carry out the work. An important point is that many end point 
specifications can be consolidated in a single work package when the work to achieve the end 
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points is in the same physical area. Such consolidation will be more efficient by mobilizing 
efforts for an area only once or twice during the project schedule. 

Continuing S&M 
After deactivation, operations are carried out in accord with the post-deactivation S&M plan. 
The establishment of the continuing S&M program is the key deactivation interface of interest to 
EM-40. 

2.4 Graded Approach for Non-Complex Facilities 
Figure 2-3 illustrates a sequence of deactivation activities which has been used for smaller 
facilities in which there are few or no process systems. This approach can readily use the 
checklist method for end point specification, discussed in Chapter 6. 

In this figure, actions to reduce the scope of deactivation activities are shown prior to the formal 
start of deactivation. However, they could just have well been included in a deactivation project. 
Then, the major deactivation steps are: 

Immediate Administrative Changes - Refers to taking advantage of existing "out-of- 
service" equipment to reduce the surveillance and maintenance activities. 

Authorization Basis Changes - Modifications to the Safety Analysis Report, Operating 
Specifications, Safeguards and Security Requirements, Exemption from Criticality Alarm 
Coverage, etc. 

S&M (Surveillance and Maintenance) Plan - Written to the a degree appropriate for the 
buildings and to be in place after deactivation has been completed.. 

Initial Physical Deactivation - Preparation - Shutting down equipment and systems, 
removal of materials, equipment draining, etc. In some cases, this refers to the level of 
completion detail in cases when a building is to be decontaminated and decommissioned 
immediately after deactivation, contrasted with a long period of deactivated S&M. The 
implication is that a lesser degree of deactivation and preparation for S&M will be done. 

Final Physical Deactivation - Isolation and closure - Limit access, isolate connections, 
sealing in migratable contamination, posting, set up monitoring equipment (if any). This 
would apply to complete deactivation for facilities which will remain contaminated and 
under an S&M regime. 
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Figure 2-3 Deactivation Sequence for Limited Facilities 

2.5 Project Approach for a Complex Facility 
Steps that are being used at the B-Plant at Hanford to establish the deactivation process are 
shown in Figure 2-4. (That deactivation project uses the hierarchical end points method 
described in Chapter 4.) The activities indicated in the figure are discussed throughout this 
handbook and are to be implemented with responsibilities shown in Table 2-1. (Note, for 
purposes herein, this table has been adapted from the B-Plant procedure.') 

The project organization responsibilities are assigned to nine groups responsible for conduct of 
deactivation project. There are other organization entities, however, they are not directly 
involved in deactivation. There are many ways to organize a deactivation project. Other 
projects may not use this specific type of approach and definitions, nevertheless the description 
of the functions and responsibilities provide insight and a starting point on how to organize for a 
deactivation project. Users should view this with the idea of adapting it to their specific site, 
facility, and project management needs. 

Further, this procedure is in the early stages of implementation at this writing. For specific examples, readers 
should contact B-Plant management.) 
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Figure 2-4 Complex Facility Deactivation Steps 
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Table 2-1 Project Organization Responsibilities 

Team/Group Responsibilities Lead for Steps 
in Figure 2-4 

. Project 1. 
Management 

2. 

3. 

4. 

5. 

6. 

7.  

Baseline 1. 
Control Team 

Near Term 1. 
Planning Team 2. 

Deactivation 1. 
Planning 2. (essentially 
project 
engineering) 

3. 

4. 

5. 

6. 

7 .  

Define major objectives and goals relating to stabilization, minimum 
long-term S&M costs, including the deactivation schedule. 

Approve the deactivation plan and obtain customer approval of its 
scope, schedule, and cost baselines. 

Obtain authorization of current year funding based on the project 
management plan and schedule. 

Ensure that the deactivation activities are completed on schedule and 
within regulations. 

Provide direction and support to the project teams and groups for 
problem resolution, setting priorities, etc. 

Conduct reviews as necessary. 

Report status to Site Management and others. 

Use input from the Deactivation Planning Group to develop, maintain, 
and update an approved project baseline (scope, cost, schedule). 

Maintain an integrated schedule with input from the Field Work Teams. 

Coordinate the use of internal and external resources. 

Write a deactivation plan. 

Set up a method for deriving deactivation end points, specifying the end 
points, and issuing an end points document. Define the end point 
criteria and end points. 

Develop and maintain a deactivation process administrative procedure. 

Develop, track, maintain, and report status of an approved Work 
Breakdown Structure (WBS). 

Write and provide Definition Packages (Chapter 7) to the Field Work 
Teams. The Definition Packages will contain descriptions and guidance 
of deactivation activities and requirements and will define the endpoints 
as outlined in the Definitions Package. 

Describe preliminary needs of post deactivation S&M activities 
including regulatory compliance activities, inspection routes, frequency, 
data needs, and cost objectives. 

Integrate the Field Work Teams' detailed resource-loaded work 
schedules with the deactivation baseline. 

1 

Support 

Support 

3 ,4 ,5 ,7 ,8 ,  14, 
15, 20, 21 

8. Provide guidance as needed to project teams and groups involved in the 

2-9 



Table 2-1 Project Organization Responsibilities 

TeadGroup Responsibilities Lead for Steps 
in Figure 2-4 

i. Field Work 
Teams 

5. Regulatory 
support 

7. Configuration 
Control 

9. 

10. 

11. 

1. 

2. 

3. 

4. 

5. 

6. 

7.  

8. 

1. 

2. 

3. 

4. 

5. 

1. 

deactivation activities. 

Monitor and report deactivation progress. 

Serve as the primary contact between the Facility Deactivation Project 
and the Receiving Organization, DOE, and other contractors for 
acceptance of end points closures. 

Maintain end point closure documentation files and submit the files to 
the Receiving Organization for deactivation project completion. 
Assemble the turnover package for approval and manage turnover to the 
Receiving Organization. 

Develop and submit a detailed resource-loaded work schedule to the 
Near Term Planning Team prior to starting work. 

Provide input for modification and cancellation of surveillance, 
maintenance, and emergency procedures. 

Conduct the USQ process. 

Compile appropriate work control documentation, including the 
Qualitative Job Hazard Analyses (QJHA). 

Perform the deactivation work described in the Definition Package 
(Chapter 7) and achieve end point closure. 

Provide Deactivation Planning with copies of the documentation which 
supports endpoints closure activities (Chapter 4). 

Maintain a log of deactivation activities to support project 
communications and reporting of work status. 

Report deactivation progress. 

Assess the facility for hazards (chemical, contamination etc.) and 
determine hazard level, quantity or degree of hazard, and the 
requirement or need to remove or stabilize the hazard. 

Write a safety plan for deactivation, including the elimination of 
requirements as hazards are eliminated. 

Maintain, and modify as deactivation proceeds, the facility's 
authorization basis, regulatory requirements, and hazards analysis. 

Maintain the Hazards Communication Program and the Confined Space 
List as deactivation proceeds. 

Provide documentation required by regulations as a condition of end 
point closure. 

Modify the configuration control process as appropriate for a facility to 
be abandoned. 

9, 10, 11, 12, 
13, 16, 17, 18, 

19 

2 ,6  and 
Support 

Support 
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Table 2-1 Project Organization Responsibilities 

TeadGroup Responsibilities Lead for Steps 
in Figure 2-4 

Authority 2. Implement the configuration control process by communicating with the 
project teams and groups. 

8. Surveillance 1. 
and 
Maintenance 
Coordination 

2. 

9. Hazardous 1. 
Material 
Authority 

Identify surveillance and maintenance activities necessary to support 
deactivation activities and long term-requirements on building 
infrastructure, including modifying and/or deleting procedures as a 
result of modifications and/or changes to plant configuration as 
described in the Definition Package. 

As facility deactivation proceeds modify as needed to conduct work, 
and cancel when no longer needed, the surveillance and maintenance 
procedures and activities. 

Support 

Provide documentation to support closure of endpoints related to support 
hazardous material disposal. 
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3. END POINTS MANAGEMENT 

Subiects of This Chapter 
This chapter addresses end point-specific subjects of decision responsibility, organization 
functions, levels of authority, directly related plans and reports, and training. 

0 

0 Graded Approach 

Need for End Points Specifications and Method 

Guiding Principles for Specifying End Points 

Management Roles Related to End Points 

Organization Functions to Apply End Points Methods 

3.1 The Need for End Point Specifications 
A fundamental premise of project management for facility deactivation is answering the 
question: 

How do you know when the project is complete? 

Just as the design specifications are essential to a 
construction project, specifying "end points" is the key to 
answering this question for a deactivation project. A 
requirement to specify end points (which has roots in the 
planning of monitored storage for the accident contami- 
nated reactor plant at Three Mile Island Unit 2) is being 
used within EM-60 to establish a facility's conditions 
when deactivation is complete. 

Definition: End Point vs. End Points - 
End Point (singular) has been used to 
refer to the overall status and disposition 
of a facility after deactivation. End 
points (plural) refers to the detailed 
specifications for the condition of areas, 
hardware within a facility and related 
documentation. Either way, the terms 
refer to conditions of a facility at the 
completion of the deactivation project. 

Compiling end point specifications for the entire facility has the following uses during and/or 
after implementation: 

0 

0 

As input for scheduling and estimating the project cost. 

To create detailed work plans for each space and system in the facility. 

To document bases for performance based contracting or out-sourcing of work, where 
practical to do so. In effect, to become part of the performance specifications. 

To demonstrate conformance to agreements negotiated with third parties who have a 
legitimate stake in the condition of the facility after deactivation. 

To show compliance with both local and federal regulations. 

0 

0 
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3.2 The Need for a Method to Derive End Points 
The detailed specification and actual end points achieved will undoubtedly vary from facility to 
facility. Variations are expected because of the differences among facilities with respect to 
mission, equipment and systems, containment, degree of contamination and ability to isolate the 
contamination, facility environs, projected ultimate disposition, if known, and a host of other 
factors. Regardless of variations in conditions achieved, the methods used to decide and specify 
end points are fundamentally similar. 

The methods described here can be readily adapted to a wide range of facilities; they are intended 
to expedite choosing how to proceed with end point planning and implementation. In some 
cases, the primary objective of a project is "stabilization" of material or a facility, as contrasted 
with "deactivation." The basic approach in this handbook can be adapted to such projects. 
However, more front end effort to define end points method matrices and checklists described 
here may be necessary. 

For those facilities that will, or are candidate for, transfer to Environmental Remediation (EM- 
40), an important document that should be used together with this handbook is the 
Environmental Management Decommissioning Resource Manual', DOE-EM-0246, August 
1995. That document can be obtained from the Remedial Action Program Information Center 
(RAFTC) at Oak Ridge. 

Deactivation work can involve a wide range of tasks, such as removal of hazardous material, 
elimination or shielding of radiation fields, partial decontamination to permit access for 
inspection, installation of monitors and alarms, etc. It is important that the end point for each of 
these tasks be established clearly and in advance, for the following reasons: 

End points must be such that the central element of the deactivation objective - to achieve 
stability - is unquestionably achieved. 

End points are a means by which the deactivation and receiving organizations can achieve 
agreement on the conditions of transfer of facility management upon completion of 
deactivation. 

Much of the deactivation work involves worker exposure to radiation or dangerous 
materials. This can be minimized by avoiding unnecessary work. 

Each task is, in effect, competing for resources with other deactivation tasks and other 
facilities. By assuring that each task is appropriately bounded, DOE'S overall resources 
can be used most fully and effectively. 

An end points method is the mechanism to begin detailed planning, leading to a schedule 
and budget. It is strongly emphasized that this will help avoid excess contingency 
(conservatism) in establishing the deactivation project budget and schedule. 

Deactivation end points where possible must be in concert with, or at a minimum not 
preclude, longer term disposition options. 

Referred to throughout this handbook as the Decommissioninn Resource Manual. 
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End points focus on explicitly measurable or identifiable objectives such as, but not limited to, 
configuration of systems and equipment, removal of materials, residual contamination levels, and 
preservation of records for future need. 

An end points method leads to work orders to deactivate a facility and achieve stable conditions 
for radioactive or hazardous conditions and materials. A method must provide a consistent, 
systematic way of defining, planning, and executing work. It should represent a straightforward, 
common sense engineering approach which can be readily carried out by workers. 

The methods presented here have been evolved in the field and have worked well in the form 
presented. As such, they should work for any facility with appropriate adaptation to its 
characteristics. 

3.3 Guiding Principles for Specifying End Points 
There are several guiding principles (ground rules) which form the foundation of the end point 
process. They are: 

Driven by Objectives - The decision to specify an end point should be driven by, and 
clearly linked to, top-tier program objectives. This is the central principle of the logic- 
based approach. End point determinations, along with allocation of resources and 
selection of methods, should all stem directly and clearly from program goals and top-tier 
objectives. 

Cost for Reduced Risk Achieved - End point decisions are integrally linked to decisions 
(and constraints) on resources and methods. Cost effectiveness is important. DOE needs 
to achieve maximum safety improvement (and optimum risk reduction) for every 
deactivation dollar spent. Economic feasibility is essential. 

That is, there is a point at which expending further resources to reduce risk will not 
achieve commensurate reduction in S&M costs. If a proposed end point is not 
economically feasible, it should only be specified if mandated by law. 

Decoupling from Decommissioning Decisions - In many cases, it is not known when or 
how the ultimate decommissioning will be done. Therefore, end point decisions may 
consider, but should not be driven by decommissioning presumptions. 

Defense-in-Depth - The end point condition of the deactivated facility should employ 
defense-in-depth as a fundamental safety approach. As applied here, defense-in-depth 
involves three layers of protection: elimination or stabilization of hazards, effective 
facility containment, and facility monitoring and control. In this context, the concept of 
reducing risk to acceptable levels can be applied. 

Need for Ownership - Successful end point development requires "ownership" by all 
affected organizations including the planners, the deactivation work force, and the 
receiving organization (the "customer"). 

Need for Clarity - Work teams in the field need clear, quantitative completion criteria. 
They can't work effectively with vague or functional objectives. To be workable, end 
points must be: 

0 

0 

0 

0 

0 
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- established up front 

- clear, quantitative 

- practical and achievable 

Need for Flexibility - End point development is an iterative process. Most end point 
decisions can be made during the planning stages early in the project, however, some will 
have to be revisited as deactivation proceeds. 

Research to be Avoided - A deactivation project is intended to be done in the short term. 
Therefore, it must be possible to achieve the objective with what is then known. That is, 
a reasonable schedule would probably not allow for primary research as a prerequisite for 
activities to achieve an end point. Similarly, development, where considered, should 
probably be limited to applying existing technology to the situation at hand*. 

These guidelines should be used when selecting an end points method to use, setting up criteria, 
and specifying detailed end points. 

3.4 Graded Approach 
Two methods for developing a project's end point specifications are presented in Chapter 5, the 
"Hierarchicalll method, and in Chapter 6, the "Checklist" method. The hierarchical method is 
appropriate for a complex facility with process systems and/or substantial hazards. The checklist 
method is more appropriate for relatively simple buildings that are not very contaminated and do 
not have complex equipment or systems. Deactivation project managers should start with these 
as examples, choose one method appropriate to their project, and adapt what is in this handbook 
to their project. Table 3-1 lists some considerations for choosing one over the other. 

This is not intended to conflict with EM-50's mission. If a situation arises where substantial R&D is needed to 
deactivate, then a program level review o f  how to proceed with that facility is called for. 
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Consideration 

There is clear need for end points to be systematically derived 

A long-term post-deactivation S&M period is anticipated. 
Facility is to be dismantled immediately after deactivation. 
Facility is a single building or room. 
Facility has many rooms, some of which are inaccessible or 

Facility has one or more complex process systems. 
Facility contains substantial radioactive or chemical hazards. 
Facility contains several RCRA units. 
There is no fixed radioactive contamination and it is relatively 

Facility has no radioactive or hazardous materials. 
There is very little budget or resource for deactivation work. 
Very little resources are available for end point coordination. 

and defensible. 

heavy contaminated. 

straightforward to remove all hazardous materials. 

3.5 Headquarters, Field Office, and Contractor Roles 
This describes the relative roles3 of the three primary organizations involved in deactivation end 
point decisions that have aproject-level focus. 

Clearly the defined lines of authority and responsibility flow from the government to the 
contractor. Once DOE direction has been established, the contractor proposes how to get there. 
Within this context, for efficient project management and expediting the path forward, an 
approach has worked well in which all three organizations participate essentially simultaneously 
in significant decisions4. This is in lieu of a several step sequential process, with iterations at 
each step, in which each level of authority must agree before the next becomes involved. 

Favors the Favors the 
Hierarchical Checklist 

Method Method 
X 

X 
X 
X 

X 

X 
X 
X 

X 

X 
X 
X 

3.5.1 Headquarters Role 
Specifying detailed end points is predominantly a field activity. DOE Headquarters involvement 
is important during early decisions, as discussed in Section 2, when decisions may substantially 
affect budgets, when a decision requires unique interaction with other DOE sites, or when a 
national or international policy or program might be affected. The DOE Headquarters program 

It does not address other project roles to which the reader should refer to: Material Stabilization and Facility 
Deactivation Project Policies and Supplementary Information, Volume 1 : Policies, and Volume 2: Supplementary 
Information, July, 1995. 
Sometimes referred to as the "troika". 
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manager's participation in the development and approval of the Project Plan5 or Project 
Management Plan indicates acceptance of the project baseline which is derived from the overall 
facility end point decision. Such approval is also tantamount to approving the final 
configuration, which directly affects future budget requirements or general budget levels for 
future S&M. 

Headquarters responsibilities specific to detailed end point specifications are to: 

Assist in deciding and achieving end points which require interaction at a national level. 

Stimulate experience transfer among the various sites regarding deactivation end points. 

3.5.2 Field Office Role 
DOE provides the programmatic direction for the overall end point as a prelude to proceeding at 
the working level. The Field Office is responsible for determining what the facility's condition 
will be after deactivation. This is done in coordination with EM-60, EM-40, and other 
appropriate headquarters organizations that deal with budgets and national priorities. 

The Field Offices' primary responsibility with respect to achieving detailed end points are then to 
ensure that the deactivation contractor is performing to a set of measurable objectives. The field 
office project manager must have approval authority over the Project Plan. This signature should 
indicate agreement with the level of planning and that the baseline can be achieved with the 
identified resources and within the baseline schedule. 

In the course of deciding on implementing end points, there may be occasions when the field 
office will become involved in the more-routine aspects of achieving end points. Such 
involvement could include, for example: 

Concurring with the method proposed for end points and the top level setup for applying 
the method. 

Resolving disputes between the deactivation contractor and the organization that will 
receive the facility for post-deactivation S&M. 

Providing an interface with stakeholders (including Federal and State regulators) where 
field office agreements are likely to result in requirements that will directly affect end 
point planning. 

Providing an interface for other field office support activities and functions. 

Providing an interface with Headquarters for resolving issues beyond the scope of the 
Field Office. 

"Project Execution Plan" per the new Life Cycle Asset Management Order (430.1) 
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3.5.3 Deactivation Contractor Role 
Within the larger responsibility of preparing a detailed project plan, specifying and achieving 
detailed end points rests with the facility deactivation contractor. In general, this is the 
maintenance and operations (M&O) or integrating contractor, but not necessarily in all cases. 
The contractor should: 

Define the method to be used for specifying end points. 

Conduct detailed end point planning, including coordination with the receiving 
organization. 

Incorporate this planning into the detailed project planning, including WBS, estimating, 
and scheduling. 

Create work plans as needed. 

Conduct the work. 

0 Obtain concurrence from the Field Office and the receiving organization at appropriate 
times in the process. 

The end points method is consistent with the trend in DOE contracting which is towards 
performance based and fixed price contracting. Contractor's fee or incentive depend on 
achieving objectives at the least cost, consistent with safety. This approach, especially when 
fixed price contracts are involved, requires a basis for performance. End points can be part of 
this basis. Micro-management is avoided by having the contractor take on responsibility for 
specifying end points which are then concurred with by the DOE. Therefore, contractors who 
have such performance based contracts, while they may not be contractually obliged to do so, 
may see benefit in using the methods provided here, or some variation consistent with their 
internal management style. 

3.6 Level of Authority Within an Organization 
Several documents will be created in the course of developing a facility's end points and the 
activities to achieve the specified conditions. Table 3-2 suggests the level of authority within an 
organization for preparing and approving the documents as well as accepting the conditions 
achieved. (Job titles are typical - the job function is what is important here.) Each site and/or 
facility should create a similar table that addresses its specific contractual and administrative 
arrangements among its field office, deactivation contractor, and S&M contractor organizations. 
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Table 3-2 Suggested Levels of Authority 

Legend: 
A = Approves 

P = Prepares 
S = Signs for conduct of work 
F = Final acceptance 

Level of Authoritv 
Customer - DOE Field Office 
(Deactivation and Post-Deactivation) 
Deactivation Project Manager 
(or Facility Director) ............................................................................................... 

OperationsAvIaintenance Manager 
End Points Coordinator 
Facility Manager after deactivation .................................................. 

Craft Foreman, Job Supervisors 

Document/Result 
End Poi 

..................... 
A 

A 
..................... 

..................... 

..................... 

P 

...................... 

...................... 

; Method and Setup I 
End Points Comuletion ReDort I 

................... 
A 

A 

A 

................... 

................... 

P 
A 

................... 

................... 

I 
Prelimi 

.................... 

.................... 
A 

A 
.................... 

P 
A 
P" 

.................... 

.................... 

.................... 

.................... 

ary S&M Plan 
End Point Specifications 

Closeout Method 
I I Complef 

F 

A 

A 

A 
S 

:d Work I 

* Primary responsibility. However, deactivation staff who know the facility are important to, and should participate 
in, developing the S&M plan. 

3.7 Contractor Organization Functions for End Points Implementation 
Creating an end points plan and coordinating its execution generally requires very little dedicated 
resources. For a complex facility, a three or four person group, the "Deactivation End Points 
Team" should be created to augment organization functions that already exist. This is shown in 
Figure 3-1. For non-complex facilities, this may require only one or two persons for part of their 
time using the checklist method. 

Existinp Orpanization Function 
The existing facility organization functions and roles are: 

Facility Manager or Project Manager - Overall responsibility for deactivation, including 
end points planning, method to be used, and implementation. 

System and Cognizant Engineers - End points tasks are an extension of normal 
responsibilities. Their knowledge of the facility equipment and spaces is essential to 
establishing specific end points. These engineers would also create the end points work 
plans. 

Operations, Maintenance, and Craft - Supervision and labor for accomplishing end point 
conditions. 
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Budget and Schedule Preparation - End points will drive the deactivation schedule and 
budget and thus there will be significant interaction with the end points team. 

Other functions in the existing organization, such as health and safety, quality assurance, records 
management, purchasing, etc. will also be involved to the extent that implementation tasks are 
part of their normal jobs. 

FacilitylProject Manager 
for Deactivation 

I I I 

Figure 3-1 Deactivation Contractor Organization Key Functions 

End Points Team 
For deactivating a compZex facility, an effective end points team will have the following staffing: 

Leader/Coordinator - a facility knowledgeable engineering manager with good technical, 
organizational, and administrative skills. Should report to the deactivation project 
manager . 
Facility Expert - an engineer or senior supervisor/technician who is intimately familiar 
with the equipment, physical layout, conditions, and materials in the facility. This person 
provides advice to the team and interaction with the facility technical and operating staff. 

End Points Expert - an engineer who will learn the concepts in this handbook and is 
assigned to work with system and/or cognizant engineers to specify the detailed end 
points. (No special engineering discipline is necessary as the end points approach is 
fundamental engineering.) 

Secretary/Text Entry - Clerical support for document creation and data entry. 
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The end points team should make use of a number of plant personnel in the process. The best 
knowledge available on each of the systems/components should be used as a resource, not 
necessarily with membership, but with good representation on the end points team. 

The establishment of the end points should be closely associated with the project baseline 
planning and the same personnel should be used for both efforts. There should be a continuation 
of processes. 

End Point Team functions and responsibilities can include: 

Selecting and recommending the end point method to be used. 

Setting up the end point method including objectives, task types, classes, functional 
matrices, and criteria (Section 4); or creating the checklists (Section 5). 

Obtaining external input that will affect end point specifications, such as relevant 
stakeholder commitments, including Federal and State regulators. 

Creating the preliminary post-deactivation S&M plan (Section 7),  including interaction 
with the receiving organization. 

Creating the end points document. 

Doing walk downs with system and cognizant engineers to specify detailed end points. 

Establishing End Point Work Plans (Section 6) - Creating the template for the end point 
work plans. 

Archiving End Point Work Plans - maintaining and ensuring proper archiving of the 
completed end point work plans. 

ReceivinP Ormnization Technical Representatives 
When there is a receiving organization identified (e.g. EM-40 and its contractor), its manager 
should assign technical representatives to interact with end points planning and for developing 
the post-deactivation S&M plan. These representatives should participate directly in these 
developments, as opposed to being only reviewers. 

3.8 Training and Walkdown Guidance for the Facility Engineers 
System and cognizant engineers for the facility are instrumental in developing end point 
specifications because of their detailed knowledge of the facility. However, it is unlikely they 
will be familiar with the end point method and how to proceed. Therefore, it is necessary for the 
end points team to familiarize the engineers with what has to be done. The following approach is 
suggested: 

Conduct a training session on the end points purpose, methods, and priorities for all 
engineers who will prepare end point specifications and work plans. 

Ask the Engineering Manager to have one of the senior engineers participate in creating 
the work plan template (see example herein). 
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Using the work plan template as a walkdown guide, walk down their areas of 
responsibility with each engineer. 

Assist in preparing detailed end points for their areas of responsibility. 

Assist in preparing the work plan for their areas of responsibility. 

Conduct another review session after the first work plan is written. 

Be available for consultation at any time. 0 

In addition, it is recommended that a separate training session for facility managers and 
supervisors provide an overview of the end point objectives and process. 
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4. END POINTS COMPLETION AND TURNOVER 

Subiects of This Chapter 
Achieving consensus that deactivation is complete can involve several parties including the 
deactivation contractor, the Field Office, DOE headquarters, the post-deactivation contractor, 
regulators, and stakehoIders. 

0 Overview of Turnover 

Turnover Checklists and Documents 

End Points Closeout and Verification 

4.1 Overview of Turnover 
When facility deactivation activities are complete, some of the possibilities for the subsequent 
receiving organization' include: 

In cases of facilities that are contaminated, turnover to EM-40 for managing post- 
deactivation surveillance and maintenance and final decontamination and dismantlement. 

Retention by the same organization but with a different budget. 

Turnover to another host agency where the facility is to be used for another purpose by 
the U.S. government. 

Granted or sold to a public or private party. 

0 

To the extent there is a policy and/or budgetary issue associated with turnover, both headquarters 
line and field office should concur on the receiving organization. The determination of 
alternatives for, and agreement on the final condition of, the facility must be complete before it is 
transferred to the receiving organization. In addition, funds required to perform post- 
deactivation surveillance and maintenance must be identified with a lead time sufficient for any 
necessary budgetary action. 

When the receiving organization is identified, details of the conditions to be achieved for facility 
turnover must be agreed to between representatives of EM-60 and the receiving organization; for 
example, between the field offices and contractors to EM-60 and EM-40. This agreement should 
occur early for facility deactivation planning and must be reflected in the end points process. 
This is discussed at length in earlier chapters of this handbook with regard to the S&M plan. 

The steps to reaching this agreement and achieving turnover are: 

1) With respect to the S&M plan: 
- EM-60 and the receiving organization look ahead to the likely post-deactivation 

surveillance and maintenance requirements during the period following deactivation 

' "Receiving organization" refers to the entity that will have direct managerial responsibility for the facility after the 
deactivation activities are complete. Other equivalent terms are "customer" and "post-deactivation organization." 
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and prior to ultimate disposition. These requirements must be explicit and specific to 
the facility. 

- The surveillance and maintenance requirements are then used to develop a plan for 
the post-deactivation surveillance and maintenance period. The details of this plan 
depend on the degree of the facility's potential threat to workers, the public, and the 
environment. 

- The conditions necessary to conduct the required surveillance and maintenance 
become deactivation end points, among others. Based on appropriate discussion and 
iteration, EM-60 and the receiving organization field offices and contractors reach 
concurrence on those end points directly affected by surveillance and monitoring 
plans. 

2) When feasible to do so, the ultimate approach to decommissioning is examined. When 
supported by reasonable or obvious presumptions, the use of existing systems and 
equipment (e.g., overhead cranes) in decommissioning is considered in establishing end 
points. 

3) End point criteria are established. The field office and receiving contractor participate in 
and agree to the end point specifications at appropriate levels (e. g., field office at level 1 
and 2; deactivating and post-deactivation contractors at level 3). 

4) EM-60's field organization deactivates the facility to the end points agreed upon by the 
deactivating and post-deactivation organizations. If, during deactivation, reasons arise 
for modifying the end point specifications, the receiving organization must consider that 
change. Examples of reasons for reconsideration are: costs may be too high for a 
marginal benefit; or conversely, for a relatively small incremental cost, a much enhanced 
condition can be achieved for ultimate decontamination and dismantlement. When 
appropriate to modify a prior agreement, both organizations must concur. 

by EM-60 and verification of end points completion by the post-deactivation 
organization. 

5) A formal turnover process document is utilized to establish completion of the end points 

Turnover is accomplished when deactivation end points are achieved, conditions for surveillance 
and maintenance are set, and the receiving organization takes responsibility. 

Demonstrating completion can lead to several possible types of end points-related deactivation 
documents: 

End Points Document - Specifies in detail end points for deactivation of a facility. 
(Chapters 5 and 6) 

End Points Work Plans - for specifying how the work was to be accomplished (Chapter 
7 )  
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Post-Deactivation S&M Plan (Preliminary) - A post-deactivation Surveillance and 
Maintenance (S&M) plan which provides one of the major bases for detailed end points 
specification. (Chapter 8) 

End Points Completion Report - A report which verifies and archives the accomplishment 
of end points. (Table 4-2) 

There will be other documents at the completion of the work, for example, as listed in the three 
turnover package checklist examples tabulated in this chapter. 

4.2 Turnover Checklists 
Three types of turnover packages are described here. However, the needs will vary from project 
to project since the facilities are different. The level of detail will depend on conditions, 
requirements, and agreements specific to the facility. Therefore, each project must determine 
what needs tu be created for purposes of completion and turnover. As further experience is 
gained, a somewhat standard approach may evolve. The three types of turnover documentation 
presented here are: 

Administrative Turnover Package - Administrative turnover consists of a collection of 
administrative documents for which example items are in Table 4-1. This includes 
procedures, agreements, permits, and other documents not directly related to the physical 
facility. 

Technical Turnover Package - Table 4-2 is an example list of documents that describe 
the facility, its equipment, and the conditions at completion of deactivation. 

S&M Turnover Package/Documents - The surveillance and maintenance turnover 
package consists of documents that may have been created; Table 4-3 is an example list. 

It is emphasized that these are examples based on experience of a limited number of facilities, 
and that each project must be specifically planned. 

Table 4-1 Administrative Turnover Package Checklist Items 

(X) I Type of Documentation 
Safe Shutdown and Deactivation Report. This is a management summary of the 
facility deactivation completion, general status and conditions, demonstrating 
conformance with DOE'S specification of the overall end point. It should identify 
management actions needed that are not routine. Unresolved issues should also be 
described. The report should reference the End Points Completion Report (See 
Table 4-2), but not repeat the information there. 
Emergency response plan revised for the deactivated state. Include response to fire, 
flood, severe storms, and other naturally or humanly caused events. 
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Table 4-1 Administrative Turnover Package Checklist Items 

(XI 
~~ ~ ~ 

Type of Documentation 
If Category I11 or greater, in accordance with DOE Order 5480.23, provide most 
current safety documentation for each facility, such as a description of the safety 
envelope currently in place. Status of planned actions related to SARs, OSRs, TSRs, 
and implementing procedures covering the current status of the facility. Copy of 
TSR surveillance program description and statement of compliance with TSRs. 
Definition of the scope and estimate of the costs to bring the facility into compliance 
with OSRs in force, or recommended to be in force, and work packages to 
accomplish such compliance. 
Provide the status/compliance of all regulatory commitments; for example, status of 
compliance with applicable regulations promulgated pursuant to statutes, such as 
Occupational Safety and Health Administration (OSHA), RCRA, CERCLA, and 
NEPA and the remediation process in the National Contingency Plan. 
Provide the status of Interagency Agreements which identifies the terms and 
milestones of agreements pending and entered into by DOE with Federal, state, and 
local agencies and the status of compliance. This includes settlement agreements, 
administrative or consent orders, and compliance plans to settle outstanding notices 
of violation. 
Provide the status of existing permits, including National Pollutant Discharge 
Elimination System (NPDES), air permits, RCRA, and others. 
Provide the status of Corrective Actions by providing a list of corrective actions, 
completed and outstanding, from previous audits, inspections, and other similar 
activities (e.g., Tiger Team, Technical Safety Appraisal, Defense Nuclear Facility 
Safety Board, regulatory agencies, self-assessments, business systems review), 
including identification of those items that need to be evaluated and reviewed with 
respect to the facility's surplus condition. 
Provide a list of items and activities that must be performed to complete deactivation 
after turnover. It would not be unusual to have work items which for some reason 
could not be completed prior to a logical turnover date and that would have been 
negotiated witwagreed to by the receiving organization. 
Deactivation Locks Log and keys - A formally administered "Deactivation Lock 
System" may be established. Deactivation locks may be used for facility access, 
isolation of electrical components, chaining of valves, and other situations where 
physical access is to be controlled. The primary purpose of such a system would be 
to ensure control as the work force "backs out" of the facility as specified end points 
are achieved. 
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Table 4-2 Technical Turnover Package Checklist Items 

Type of Documentation 
Complete and document the final deactivatiodshutdown of the facility. Include 
deactivation work plans and work packages as they were at completion of 
deactivation. The work plans may be part of the end points completion report. 
End Points Completion Report - Validation of end points. For example, using 
sample forms provided in this handbook, this report could be primarily all the end 
point forms with completion signatures. 
End Point Technical Information - All documented technical criteria bases to which 
end points are referenced. 
As-Left Condition - Include a summary of the overall physical status of the buildings 
and systems, and major equipment. Address access control and isolation of fluid and 
electrical systems. Status of fire and flood protection should be stated. If there are 
any unique structural anomalies, they should be described. If fixed in place, 
potentially hazardous materials have been left in the facility, that should also be 
mentioned. See Appendix A under ttBackgroundll for an example of such a summary. 
Facility, room, and cell arrangement drawings - to the extent they exist. If significant 
changes were made for deactivation, some form of documentation would be useful. 
However, except in unique circumstances, as-builts of such changes should not be 
necessary! 
Descriptiodphotos of spaces for which access is not anticipated during S&M. 
Establish and archive records for: 

Include equipment Technical Manuals and other information for equipment that 
remains operational or is mothballed - to the extent that it exists - do not create new 
material if it does not exist. 
Provide current status (including drawings) of the deactivatiodsafe shutdown (if 
applicable) The documentation should address systems, such as the water, sewer, air, 
electric, gas, process (mechanical and chemical) and fire protection systems. 
Location of fixed hazardous materials, wastes, and contamination with 
characterization information. 
Inventory and Safeguards and Security provision for nuclear or other material 
remaining in the facility for which there is a requirement for accountability or 
protection from diversion. 
Inventory of chemical and hazardous substances remaining, if any, and 
characterization information. 
Inventory of radioactive and fissile material remaining as contamination with 
characterization information. 

Reactivating future decommissioning essential systems 

Characterization useful for future decommissioning 
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Table 4-2 Technical Turnover Package Checklist Items 

-e)- 

(XI I Type of Documentation 

~~~ ~ ~~~~~~ ~~~ 

Type of Documentation 
Post-Deactivation S&M Plan 

For structures at the facility, provide the final radiological/hazardous materials survey 
records, final configuration and surveillance and maintenance requirements, available 
drawings, specifications, procedures, manuals, and unplanned occurrences records 
applicable to the facility. 
For soil, surface water, and groundwater conditions at the facility, provide all 
available data and reports that describe those conditions and the nature and extent of 
contamination therein. Also identify any known assessment requirements. 

Table 4-3 S&M Turnover Package Checklist Items 

I 

I Post-Deactivation S&M Updated Effluent Monitoring Plan I 
Post-Deactivation S&M Updated Safety Equipment List 
Post-Deactivation S&M Procedures 
Post-Deactivation S&M Recommendations (Inspections, maintenance, etc.) 
Post-Deactivation photographic and/or video & audio record of the facility as-left 
conditions 

4.3 End Points Closeout 
The following subjects are presented with regard to closing end points for turnover. 

End Point File Description 

0 

0 Closeout Method Key 

Need for a Closeout Method 

Examples of End Point Closeout Methods 

4.3.1 Need for a Closeout Method 
End point files provide evidence of the facility deactivation and contain historical information 
pertaining to its as-left condition. "Closeout" refers to the method for verifying that each end 
point has been achieved. The purpose of end point closeout is to formally demonstrate 
completion to support possible audits and regulatory oversight. Such verification can also serve 
to support quality control and quality assurance provisions when appropriatez. 

One of the tasks of the end point coordinator should be to establish the method of end point 
closeout. The purpose here is to provide an example of how to do this. 

Personnel reviewing the files for closeout need to have a basic understanding of the End Point Process, Facility 
Layout, Radiological Practices, Hazardous Materials, Industrial Safety, and other related subjects. 
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Acceptance that conditions stated by end point specifications have been achieved is recorded in 
the end point document by the signatures of representatives of both the deactivation and 
receiving organizations. The method(s) by which closeout of each end point is verified, as 
discussed here, should also be indicated in the end point document. For example, a closeout 
method "key" as described later can be written in the reference space on the signature block. The 
method description, such as the example here, should also be kept with the end point closeout 
files. 

An end point may be closed using one or more of the methods that follow. Deciding the type of 
closeout depends on the nature of the actual end point (risk or hazards involved). In most cases, 
the decision is left to the individuals or team that are conducting the closeout verifications (or 
inspections). In some cases, the type of closeout to use should be decided by facility 
management. Designating which end point closeouts require management decisions should be 
done when the end points document is being approved. 

4.3.2 End Point File Description 
The end point files should be arranged consistent with the order of the table of contents for the 
end point document. (Example; at PUREX, the document is arranged by numerical building 
number and then alphabetically for the remainder of the facility spaces or systems. The facility 
was broken down into 56 separate areas. Each area is made up of distinct spaces and/or systems. 
Each area has its own file folder which contains the specific end point files for the designated 
space or system within the area. For example, the Aqueous Make-up area file folder contains 5 
individually marked files containing the set of applicable end points for the space or system 
designated.) 

Table 4-4 is a description of individually assigned drawers or sections of the end point file 
cabinets and a description of their contents. Additional drawers are used to file the remaining 
documentation that will be generated or are references for turnover of the facility. 
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Drawer 
Workplan 

Video Tapes 

Turnover 
Package 

Radiological 
Maps And 
Postings 

EPTI 

Administra- 
tive End Point 

Table 4-4 End Point Files 

Typical Contents 
All of the work plans referenced for end point closeout. The drawer is indexed 
for ready retrieval. 

The reference block on the end point signature page should contain the index, 
identifier, or number of the workplan used to record closeout of the end point. 
All of the video tapes (or other visual recording media) that have been 
referenced for end point closeout as well as others that may have value for 
future reference. The drawer is indexed for ready retrieval. 

The reference block on the end point signature page should contain the index, 
identifier, or number of the video used to record closeout of the end point. 
Information generated to comply with the global administrative turnover 
package end point. Examples found here can include documents such as a 
Confined Space index, a Hazardous Material Remaining list, an Asbestos 
Summary, and Hazard Communication Program Information. The intent of 
filing the turnover package information separately from the individual space or 
system closeout information is to allow the information to be available for quick 
reference by the S&M planners and workers. 

The reference block on the end point signature page will indicate the Turnover 
Package used to record closeout of the end point. 
Binders containing the Final Radiological Maps and surveys that are generated 
to give radiological characterization of a specific space. In addition, a binder 
containing verification of proper radiological status for the applicable space is 
stored here. Prior to turnover of the facility the Radiological Posting book and 
Fixed contamination logs will also be stored here. 
The End Point Technical Information (EPTI) book is stored here. EPTI 
information is a compilation of documentation that is intended to support end 
point conclusions. Items found here include current revisions of procedures 
and/or documents to capture information referenced in the specific end points. 
Documentation collected to close the Administrative End Points. These end 
points are global to the entire deactivation project or apply to every space and 
system of the facility. 
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4.3.3 Examples of End Point Closeout Methods 

Visual 
Visual verification is defined as a walkthrough or visual inspection of the space or system 
verifying the stated condition or intent of the end point has been met. This method is used if 
documentation is not required to perform and/or indicate the full scope of work required to 
achieve closeout. Examples where visual verification would be used as closeout are house- 
keeping, fire extinguisher removal, vermin isolation etc. 

In addition visual verification by Subject Matter Experts (SME) may be used to verify field 
conditions (ie., Asbestos) prior to the closeout of the administrative end points listed under the 
"Turnover Package'' end point. 

Work Plans 
A signed copy, or portions applicable, of the work plan that was written to provide detailed work 
instructions of the work scope necessary to achieve the stated condition or intent of the end point 
specification. Because multiple end point completion can be achieved with a single work plan, a 
common indexed Work Plan file should be used for closeout records. 

Work Orders 
A work order is usually one or two pages which distinguishes it from a work plan. A signed 
copy of the work order, or applicable portions of the work package, that accomplishes the end 
point is placed in the applicable end point file for easy reference. 

DrawingdECNs 
Copies of the essential drawing indicating "redlined" portions that reflect as-left configurations 
and or Engineering Change Notices (ECNs) can be used to record acceptable conditions. These 
copies are placed in the applicable end point file for easy reference. 

ECN copies used to record completion of the stated end point condition are placed in the file 
folder for the space or system. These copies may indicate redline configuration changes. 

Letters/Summaries/Memos 
Specific letters, summaries, or memos recording concurrence, explanations or descriptions of 
activities leading up to closeout of the stated condition or intent of the end point. They are 
uniquely identified for traceability throughout the filing system. They are placed in the 
applicable end point file for easy reference. 

Audits/Assessments/Inspections 
Reports, letters, or electronic messages written to record audits, inspections or assessments 
performed to support closeout of the stated condition or intent of the end point. Examples 
include the Confined Space Audit and Asbestos survey. Note: Visual verification may be used as 
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the reference to indicate that field conditions are acceptable prior to turnover of the 
administrative portion of the end point. 

Video/Photos 
Video tapes are used in some cases to record that the end point stated condition or intent has been 
achieved. Videos or photographic descriptions are prudent for most spaces where no access is 
expected by the post-deactivation surveillance workers. Note: Upon viewing of the tape visual 
verification may be used as the reference to indicate that field conditions are acceptable. Video 
viewing is used to minimize waste and ALARA concerns created by additional manned entries to 
a space. 

Waiver/Justification Of Chawe - 

Waivers written to justify changes of intent or work scope stated by the end point are written and 
concurred by both deactivation and post-deactivation receiving representatives. Major 
modifications to the end point document require a revision or page change to be completed. 
Copies of the waiver memo are placed in the specific space or systems file and used as the 
documentation to support closeout of the end point. 

Radiolopica1 Surveys 
Specific radiological surveys are used to record the stated condition or intent of the end point. 
For example, a survey performed to verify that contamination is fixed in place can be used to 
close a "mitigate contamination migration" end point. Copies of the survey are attached to a 
memo explaining the relationship of the survey to the end point. Copies of the memo are placed 
in both the specific space or system file and the radiological records for easy reference. 

4.3.4 Closeout Method Key 
The method(s) by which closeout of each end point is verified should be indicated in the end 
point document. One way to do this is to use a closeout method "key" in a reference space on the 
signature block, and described here. In addition all documents written to close a specific end 
point should be assigned a unique number for traceability throughout the files. Where 
applicable, the document reference should also be written on the reference space to provide 
linkage. 

The abbreviations in Table 4-5 are used to signify the closeout method and/or document used to 
closeout (verify) the end point. 
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Table 4-5 Abbreviations for Closeout Signoff 

Reference 
C. S. Index 

ECN 

I. S. Cklst 

Ltr 

Memo 

None 

Photos 

Rad Posting 
Book 

S&M Plan 

SD 

Structural 
Cklst 

Survey # 

Description 
The Confined Space Index was field verified prior to closeout of the individual 
space end points. This index will be used for a final Confined Space report to 
be completed prior to closeout of the Turnover Package administrative end 
point. 
Engineering Change Notices (ECN) copies used to document completion of the 
stated end point condition will be placed in the space or system file folder. 
These copies may indicate redline configuration changes. 
An Industrial Safety Checklist filled out in the field by the industrial safety 
experts for the deactivation and receiving organizations. Copies are placed in 
the space or system file folders. The originals are retained by the industrial 
safety representative and will be used for a final industrial safety report to be 
completed prior to closeout of the Turnover Package administrative end point. 
Uniquely numbered letters written to summarize the completion of activities or 
conditions required to close the end point. 
Uniquely numbered memo written to summarize the completion of activities or 
conditions required to close the end point. 
"None" is used as a statement-of-fact as determined by the SME of the 
applicable end point. For example if no asbestos is present in a space "None" 
would be referenced and the end point would be closed. 
Photos taken to record the stated condition or intent of the end point. These are 
either collected in album and indexed to allow linkage to the space or system 
end point, or copies are placed in the space or system file folder. 
Memos are written verifying the radiological postings of the space or system. 
Copies of these memos are collected in a "Radiological Posting End Point 
Book." 
Refers to the Surveillance and Maintenance Plan in the Turnover Package 
drawer. 
Copies of Supporting Documents (SD) written to provide detailed descriptions 
or explanations supporting completion of the stated end point condition are 
placed in the specific space or system file folders. 
Checklist documenting structural adequacy. The checklist is completed by a 
qualified structural engineer. Copies are placed in the space or system file 
folder. 
Uniquely numbered radiological surveys taken to specifically support closeout 
of a radiological end point. Record copies are sent to Records holdings with 
copies placed in the specific space or system file folders. 
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Table 4-5 Abbreviations for Closeout Signoff 

Reference 
Survey Book 

T. Package 

Video 

Visual 

W. Order 

WP-xx-xxx 

Description 
Survey maps are created to support closeout of the Final radiological survey and 
map end point. These maps are collected in the Radiological SurveyMap book 
along with a copy of the radiological survey from which the data was taken 
from. Record copies of the surveys are sent to Records holdings. 
Turnover Package Items will be field verified prior-to closeout of the 
administrative Turnover Package end point. Documentation for end point items 
requiring field verification for closeout i.e. Confined Space, Asbestos and 
Remaining Hazardous Materials lists will be placed in a separate Turnover 
Package file drawer. 
Video tapes taken to record the stated condition or intent of the end point. 
These video tapes are collected in the video tape drawer and indexed to allow 
linkage to the space or system end point. 
Visual verification is defined as a walkthrough or visual inspection of the space 
or system verifying the stated condition or intent of the end point has been met. 
If supporting documentation was available this information was placed in the 
space or system file folder. 
Work Orders written to perform activities that support closeout of a specific end 
point or that records the stated condition will be placed in the space or system 
file folder. 
Work Plans written to perform activities to support closeout of specific end 
points or that record stated conditions will be placed in a separate file drawer 
due to multiple end point closeout by the same work plan. 
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5. HIERARCHICAL END POINTS METHOD 

Subiect of This Chapter 
This chapter presents one of two methods for deriving end point specifications. 

Setup Phase 

0 Specification Phase 

Examples of End Point Criteria 
The method presented here is a top-down, logical process of determining final conditions for each 
of the facility's systems and spaces based on stated objectives, likely task types, and expected 
future uses for that system or space. End points are developed in a hierarchical way, in 
successively more detailed levels, to the point of quantitative or otherwise explicit item-by-item 
end point specifications suitable for developing engineering work plans and performing field work 
packages. 

The set of guiding principles enumerated in Chapter 3 were used at the PUREX facility at 
Hanford to develop and apply this method. It has been revised several times, moving toward 
simplification and is now being applied at other Hanford facilities as well as at Rocky Flats. The 
method is illustrated in brief in Figure 5- 1. It has proven to be straightforward to use and readily 
understood by users, and by those not directly involved in specifying end points. 

Of the eight steps shown in this figure, Steps 1 through 5 are conducted for establishing and 
setting up the method as it would apply to the facility. This setup process assesses the entire 
deactivation project by examining its three dimensions - objectives, tasks, and end functions for 
the physical plant - in a logical, top down manner. 

It is important to realize that this setup is only done once in the beginning. While the setup will 
probably require some degree of iteration and fine tuning as end points are developed, conducting 
the setup will progress relatively rapidly once one decides to follow the model presented here. 
Modification would occur, for example, if additional definition is required for Step 3. The bulk of 
the end points specification effort is in the subsequent steps. 

5.1 Setup Phase 
The first three steps in the setup establish definitions of objectives, task types, and classifications. 

5.1.1 Step 1 - Define Top Tier Objectives 
Facility end points are derived from top-tier objectives which reflect the mission, goals, and 
objectives of EM-60 as well as conditions for turnover to the receiving organization. By 
proceeding from a common set of top-tier objectives, a consistent and systematic approach can be 
implemented at all facilities undergoing deactivation. 
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Step 6 
Define Facility Define Cases for End 

Detailed 
End Points 

Step 4 
Create Functional Matrix 

Step 8 
Specify End Points 

Step 5 
Define Criteria 

Front End Setup & 
Customer Approval 

Step 7 
Apply Cases to Facility I t 

I I 

t 
I Work Plans I Implementation 

Figure 5-1 Overview of Hierarchical End Points Method 

Every end point is driven by an objective; therefore, the first step is to define the top level 
deactivation objectives which will then form the basic criteria for the end points. This method 
uses a set of five top-tier objectives that apply to all deactivation projects. They are: 

1) Protecting the public, the workers and the environment. 

2) Facilitating S&M after facility is placed in a deactivated state. 

3) Facilitating ultimate decommissioning work. 

4) Complying with regulations and requirements; including administrative requirements. 

5) Following through on commitments to stakeholders. 

These five top tier objectives are used to further describe the method. Each is elaborated in the 
boxed text that follow. 
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Objective 1: Protecting the Public, the Workers, and the Environment 

The facility must be placed in a condition that provides long term protection to the 
public, the workers, and the environment from potentially harmful materials contained within 
the facility. Following a defense-in-depth* approach, measures to achieve these conditions 
include: a) removal of RCRA regulated wastes or obtaining a RCRA permit, b) effective 
containment of that which remains, and c) providing for long term, cost effective monitoring 
and control. There must be effective monitoring and control for facility security and access, 
boundary integrity, effluents, and the surrounding environment. Both radiological and non- 
radiological hazards must be addressed. Examples include steps to preclude nuclear criticality 
and removal or stabilization of hazardous nuclear and chemical materials. 

* “Defense-in-depth’’ means that for achieving required levels of safety and protection there is more 
than one layer of protection between the hazard and that which is being protected. 

Objective 2: Facilitating S&M after Facility is Placed in a Deactivated State 

The facility must be placed in a condition which provides adequate on-site protection to 
workers engaged in surveillance and maintenance activities throughout the period of 
deactivation prior to final disposition. Further, conditions should not be left that will lead to 
rapid degradation detrimental to S&M activities. 

Further, some end points are established to permit or facilitate deactivated facility 
surveillance and maintenance activities. Specifying these end points must consciously 
consider risk versus benefits in deciding between: a) minimizing the near term cost of 
establishing conditions to support surveillance and maintenance, and b) minimizing the cost of 
post-deactivation surveillance and maintenance activities. As an example, substantial 
deactivation cost may be justified to re-configure a system which will be routinely required to 
support surveillance and maintenance, while conversely, it would not be cost justifiable to 
decontaminate areas which need not be entered for surveillance and maintenance. 
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Objective 3: Facilitating the Ultimate Decommissioning Work. 

End point conditions can include those which ease future work during final 
decontamination and/or dismantlement of the facility. Similarly, end points which are likely to 
increase the difficulty of these activities must be avoided. Conditions conducive to this 
purpose may be specified as end points when the effort to achieve them are reasonable and the 
benefit is clear. 

Factors to consider for this objective include: a) reduction of high hazards, b) closing 
out systems and equipment where operational knowledge is necessary, and c) not leaving 
chemically active materials. Examples include flushing of caustic and acid tanks, preserving 
equipment such as large cranes and elevators, labeling plant equipment, and archiving 
information to facilitate future work. 

End point decisions in this category must be tempered by the very high uncertainty 
regarding timing, technology, and regulatory requirements that will apply to decontaminating 
and dismantling the facility at some indefinite future time. 

Objective 4: Complying with Regulations and Requirements; 
Including Administrative Requirements 

Some end point conditions result from legal or administrative requirements. 
Discussions should be initiated early so these can be identified, understood and included in the 
established set of facility end points. A review to identify open non-compliances and pending 
legal liabilities is prudent. Examples are compliance with requirements for nuclear materials 
accountability and removal of classified equipment and documents. State and Federal 
regulations dictate permits and closure requirements. RCRA regulated wastes should be 
removed where feasible. If they are not removed, a RCRA permit is required. 

can reduce the amount of safety documentation and procedure as well as post-deactivation 
S&M requirements (and costs). 

material should be removed, accounted for, and properly dispositioned. However, "value" 
should be assessed in terms of net income from sale or net avoided cost when used for other 
proj ects' . 

This objective can include reducing the hazard classification of the facility. Doing so 

Administrative requirements can also address asset disposition. Valuable surplus 

Value must be evaluated judiciously so as to not spend more disposing of equipment and material than it is worth. 
For example, the value of contaminated material plus avoided cost of disposing should exceed the cost of 
decontaminating for reuse by a substantial margin before it can be considered worth doing. While this statement is 
not intended to discourage recycling, from the standpoint of achieving an efficient deactivation project, there are 
practical implications of "recoil regardless." Recycling for scrap or reuse that impacts work schedule and budget 
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Objective 5: Following Through on Commitments to Stakeholders 

As a condition of deactivation, commitments will be made to stakeholders related to 
issues such as NEPA, potential for economic development, safety bases, and work force re- 
deployment. commitments that affect deactivation activities must be identified, carried out, 
and documented as part of the end points. While many of these will be inherent in the 
establishment of other end points, unambiguous identification of the requirements and 
documentation of compliance with such commitments is necessary. 

In accordance with constraints stated in the guiding principles, these objectives must be achieved: 

0 

in a cost effective, economically feasible manner; 

with no research to be required; and 

with development, where appropriate, constrained by schedule to adapting existing 
technology. 

Figure 5-2 expands the detail shown previously. An important simplifying2 aspect gained from 
experience is shown in this figure as "Identify Other Goals'' which leads to "Other Singular End 
Points." Experience has shown that the first four objectives above have an effect on specified end 
conditions for much of the physical facility's spaces and systems, while the fifth (Following 
Through on Commitments to Stakeholders) only directly affects a few. In the case of PUREX, for 
example, the fifth objective mostly affected chemicals in tanks. Therefore, while this fifth 
objective is equally important, since it affects very few of the detailed end points, it is applied at a 
lower level of the process, as explained later. This avoids substantial non-useful paperwork. 

Other facilities may have additional top level objectives in addition to these. For example, turning 
the facility over for economic development could very well result in an objective of "Prepare 
Facility for Unrestricted Use3" or "Restricted Use4." When the method is set up, additional 
objectives should be defined early. In addition, if any one objective is anticipated to only affect a 
very limited portion of the facility, then for reasons of efficiency in specifying end points it should 
be treated as an "Other Goal" as opposed to a general objective. It would be important at that time 
to identify which parts of the facility are directly affected by these other goals and in what 
manner. 

must be directly addressed by management and not left to de-facto practice by workers. 
That is, simplifying with respect to reducing the overall amount of paperwork. 
For example, at Mound. 
For example, the Beryllium shop at Rocky Flats. 
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I Overall Setup - Obtain Customer Concurrence 

For each Task Type/Objective, determine 
. which criteria apply to this space, system. 

-and/ or I 
Spec* End Points - Use criteria 
statement or edit, amplify to suit 
specific conditions or rqmnts. 

I 

Define Cases for 
End Functionality Define Objectives Define Task Types 

(Step 3) (Step 1) (Step 2) 

I 

Create 
Functional Matrix 

Identify Other 
Goals*t 

(Step 4) (Step 1) - 

- 
I 

Task Type 
for Each Objective 

Case Assignment 
Loop 

(Step 7)  

Facility Setup 

Define Physical Facility 
(Step 6) 

[spaces, systems, 
tanks, etc.] 

I I 

Select Space 

t 
1_ I z.2 

Assign Cases 
to each 0 9  

Preliminary 
S&M Plan 

Other Singular 
End Points" 

*e.g., Stakeholder Commitment 
t e.g., Administrative Deliverables 

Work Plans - Combin; Logical grouping 
to carry out end point specifications 

Figure 5-2 Expanded Detail of the PUREX Derived Method 
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5.1.2 Step 2 - Task Types 
Since carrying out of the end point specifications results in work plans to achieve those 
conditions, the method supports the development of work plans by providing a task focus. This is 
done by defining a generic series of tasks which take the facility from its existing condition to its 
deactivated condition. 

The task areas used at PUREX are: 

1) Elimination or reduction of hazards 

2) Dealing with radiation fields (elimination, shielding or isolation) 

3) Reducing contamination and preventing its spread 

4) Removal and disposing of waste 

5) Isolation and containment of residual, potentially hazardous materials or conditions 

6) Providing capability for ongoing monitoring and control of the facility 

7) Additional facility modification or refurbishment to support future work (during S&M or 

8) Documentation and labeling 

decommissioning) 

While this list is fairly generic and covers a wide range of activities, other facilities may find it 
convenient to define additional tasks. For example, if a manufacturing type facility has a large 
number of machine tools to be disposed of, this activity could be added as a type of task. 

Referring back to Section 2 and the discussion of "Early Decisions", any facility is likely to have 
major activities that must be conducted as part of the overall preparation for deactivation. These 
should be treated as separate projects and should not be included in the generic tusk list for end 
point speczjkation because they each have an importance that should not be submerged in the end 
point procedures. An example here would be a campaign to process a large quantity of highly 
radioactive liquid waste; or, removal of special nuclear material, or nuclear fuel. 

5.1.3 Step 3 - Classification of the Facility 
End points deal primarily with the final condition of the physical facility. Many different types of 
facilities exist in the DOE complex including nuclear reactors, chemical processing plants, fuel 
and waste storage systems and holding areas, treatment plants, and administration buildings. 
This step in end points development classifies the facility by combinations of physical 
characteristics and the end functionality; that is, what the use and access requirements are to be. 

1) PUREX classification resulted in six (6) cases: 

2) Internal spaces for which routine access will be required - These are spaces inside 
buildings where access will be required for periodic surveillance and maintenance or for 
operation of equipment needed to preserve the deactivated condition. 
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3) Internal spaces for which access is not expected - These are spaces inside buildings that 
will almost never be entered; or entry will be sufficiently infrequent that to do so will 
require appropriate precautions (for example, radiation survey, noxious gas sampling, 
portable lights, ventilation, protective clothing, breathing apparatus). 

4) External spaces including building exterior envelopes - These are the directly surrounding 
areas and outbuildings that are associated with the facility that have a direct interface with 
the environment. It also includes building envelope integrity items such as roof, 
sealdcovers on roof and walls, fences, etc. 

5) Systems/equipment which must be kept operational - Equipment and systems that must 
remain operational to support ongoing surveillance and maintenance. These can be 
existing systems in the facility as well as ones added for the S&M period. Examples 
include portions of: 

- Electrical for lighting and support of other equipment that remains operational, 
possibly also for monitoring instruments. 

- Ventilation exhaust systems for purposes of purging spaces before personnel entry, and 
also possibly for contamination control. Maintaining operating capability does not 
necessarily mean continuously operating. 

- Fire detection and alarm, possibly fire extinguishers. Depends on the hazard and 
burnable materials presence. 

- Flood control - for removal of rain or ground water inleakage. Could include sump 
pumps, sump level alarms, and flood doors. 

6) Systemdequipment to be mothballed (i.e., suitable for later refurbishment and operation) - 
Equipment and systems for which it has been decided there is a potential or actual use for 
future decommissioning activities. Examples include cranes, ventilation, radioactive 
waste processing systems, and tanks for staging radioactive waste. 

7) Svstems/equipment to be abandoned in Place - Equipment and systems which no longer 
have any use. This would generally be the majority of the systems in the facility. 

These six are used to further describe the method. 

Examples of other types of classification which did not apply to PUREX but might be part of 
another deactivation are: 

Portions of facilities to remain operational - Could address situations where a room or area 
within a facility remains operational for support of some program. Note that this should 
be subject to an early decision as it can have a major influence on what is done with the 
rest of the facility. 

Re-use of buildings - Buildings which may have economic value and for which it has been 
decided that some activity should be spent to realize the value. Note: this should be 
subject of early decisions. 
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PUREX staff also considered a classification of "systems/equipment to be removed." However, 
this proved to be illogical because after removal it would not be part of the facility and thus not 
relevant to end points. Therefore, removal where appropriate merely becomes part of the work 
plan. (Unless removal is a major project, in which case it is likely to be one of the "early 
decisions'' referred to in Section 2 and would be a stand alone project separate from end points 
work.) 

Classification is one area of setup which may be modified as the end points team proceeds into the 
process. They may find that additional classifications are needed, or that two can be combined. It 
is recommended that the number of classes be limited in order to keep the process straightforward. 
Six worked well at PUREX. More than 10 would be unwieldy. 

5.2 Specification Phase 
After the definition phase (Steps 1,2, 3) is complete, it is followed by the steps to specify end 
points. Results of the first three steps are shown in Figure 5-3. 

This is followed by three levels for specifying detailed end points, of which the first two are still 
part of the setup. The sequence is as follows: 

Level 1 (Step 4) - Functional Matrix 

Level 2 (Step 5) - End Point Criteria 

Level 3 (Steps 6, 7, 8): End Points 

5.2.1 Step 4 - Level 1 - Functional Matrix 
For each of the spacedsystems classifications of end functionality, a simple functional matrix is 
used to designate the types of tasks necessary to achieve the facility objectives and in that way, 
specifies in general where end points are needed at a first level. Since the example here has six 
classifications, six matrices are needed. These are shown in Figure 5-4 through Figure 5-9. 

The legend for the matrix cells is in Table 5-1. This legend is general and should be useful for 
many facilities. Special variations for a facility can be accommodated by adding any number of 
additional symbols and explanations. 

The end points for each unshaded cell of a matrix are applicable to every instance of occurrence in 
the facility for that case. For example, if there are 12 rooms in the facility designated Case 1 
(internal spaces, routine access required), the criteria that are subsequently derived for that cell in 
the matrix would apply to all 12. 

Variations from these matrices for other facilities will depend on the degree of similarity of the 
definitions of objectives, task types, and cases for end functionality. Many facilities should be 
able to use these functional matrices as a starting point. 
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* 

Table 5-1 Legend for Functional Matrices 

Not Applicable: Those tasks which do not directly support a particular 
end point objective. 

Primary Considerations: Those tasks, which due to the objectives they 
support, will likely be the controlling factor in setting the end point. 

Secondary Considerations: Those tasks, which due to the objectives they 
support, will not likely be the controlling factor in setting the end point, 
but must be considered. 

X 

As Applicable: Indicates that when an established regulation or 
requirement applies to a particular task area, an end point shall be 
specified to conform (and the reference requirement will be cited). 

A 

Commitment to Stakeholder: Indicates a specific end point results from 
a commitment that is specified by agreement. t 
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DEFINITION PHASE 

GENERAL OBJECTIVES 
(Step 1) 

1. Protect Public & 
Environment 

2. Faciliate S&M 
3. Facilitate D&D 
4. Requirements 

Compliance 

SPECIFIC OBJECTIVES 
(Step 1) 

stakeholder Commitments 

TASK TYPE DEFINITION 
(Step 2) 

1. Hazards 
2. RadiationFields 
3. Contamination 
4. Waste 
5. Isolate & Contain 
6. Monitor & Control 
7. Refurbish or Install 
8. Document & Label 

I 

DEFINE CASES FOR 
SPACES AND SYSTEMS 

(Step 3) 
SPACES 
Case 1 - Internal - Routine 

Access 
Case 2 - Internal - No Access 

Anticipated 
Case 3 - External Space 

SYSTEMS 
Case 4 - Operational 
Case 5 - Mothballed 
Case 6 - Abandon in Place 

LEVEL 1 ENDPOINTS 
FUNCTIONAL MATRIX 
(Step 4 - one for each class) 

LEVEL 2 END POINTS 
TASK TYPE CRITERIA 

(Step 5 - one for each class) 

LEVEL 3 END POINTS 

EXTERNAL INPUT SPECIFICATION 
1. Post-deactivation S&M plan 
2. Stakeholder Commitments SYSTEM 

FOR EACH SPACE AND 

(Steps 6,- " ,.' 7 ,  & a) 
I 

n 

Figure 5-3 Proceeding from the Definition Phase 

5-1 1 



aJ 
cd 
0 
of 

Y 

e 

k 

* * 

4 

4 



* 

* 

* 

m 

* 

4 

4 



* 

* 

* 

* 

* 



* 

* 

* 

* 

* 

* 

* 

* 



I1 * 

I 4  

* 

* 

* 

* 

* 

* 

.I 2 

4 

* 

4 



E 

E 

6: 

E 

6: 

6: 

6: 



5.2.2 Step 5 - Level 2 - End Point Criteria 
From the results of Step 4, end point criteria are written or listed in more specific terms. These 
can be explicit quantitative requirements, functional work activities, or references to standard 
requirements. 

Table 5-2 indicates how many criteria must be written for this example. There are a total of 101 
(61 + 12 + 26 + 2) criteria statements to be written. (More than one criterion can be generated 
for each unshaded cell.) Note, however, that many of these can be similar from case to case and 
therefore, the work is more limited. Section 5.3 contains a complete set of example criteria 
applicable to the six matrices. 

Table 5-2 Functional Matrices Fill Density 

Frequency of Occurrence By Case 
(Maximum number of cells in each case is 32) 

Case Case Case Case Case Case Total 
1 2 3 4 5 6 
13 16 10 15 20 19 93 

* = Primary 
X = Secondary 

11 8 13 12 8 9 61 

4 4 4 0 0 0 12 

A= Check 4 4 5 5 4 4 26 

t= Singular 2 0 0 0 0 0 2 

Note also that the criteria statements can become the end point statements when Steps 6, 7, and 8 
are conducted. Thus, except when there are special considerations for a specific room or system, 
what the end point should be is inherently specified. 

At PUREX, as part of the end point development process, when facility generic deactivation 
issues are identified (for example, appropriate radiation or contamination posting requirements), 
their resolutions are documented in the form of End Point Technical Information (EPTIs) for 
later reference and consistent application throughout the project. 

End point specifications for other facilities will also need to provide a record of the generic 
technical bases that have been used for deriving end points, regardless of whether it is called the 
"EPTI" (See Chapter 4 regarding turnover and end point closeout.) 

5.2.3 Steps 6 & 7 - Level 3 - Facility Definition and Case Assignment 
Having classified the facility end conditions in six cases in Step 3, Steps 6 and 7 assign the 
physical areas and equipment to these cases. Table 5-3 is a fictitious example of how this might 
be done. 

Creating a similar table for other facilities should be straightforward for a large fraction of the 
facility. Before doing so, some idea of the post-deactivation S&M path for periodic 
walkthroughs and activities should be decided. 
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However, for some parts of the facility, a reasoned evaluation may be required before making a 
case assignment. For example, if ventilation must continue to operate for contamination control 
during the S&M period, there may be parts of the system that should stay operational, others may 
require reconfiguration, and the rest abandoned. Another example is that there may be tradeoffs 
between using existing lighting versus portable lighting, depending on how much of the overall 
electrical system would have to remain active for the former. 

5.2.4 Step 8 - Level 3 - End Point Specification and Implementation Notes 
This step combines the results of Steps 5, 6 and 7 to arrive at the end points specification for a 
selected space or system. Figure 5- 10 shows the complete "vertical" process for laboratory 
hoods at PUREX which is determined to be a Case 6, "Abandon in Place." In this example, the 
criteria statement for Task Type 3 is applied as written. If a specific condition within the 
particular case classification were to warrant additional detail, the criteria statement is expanded 
accordingly. (Figure 5-10 is for illustration purposes and is not suggested as part of the end 
points method.) 

Refer to Section 5.3.6 for the full complement of end point specifications for this case. Forms of 
the type shown can be used for generating the end points document and can be modified 
somewhat to be used for a record of completion. This is indicated in Figure 5-1 1 in which 
signature space for completion have been added, using the end points in the bottom row in Figure 
5-10. 

In some cases it may be necessary to determine the cost benefit of certain deactivation activities, 
and in these cases some type of cost analysis may be performed to determine the most cost- 
effective end point. In such cases, the cost analysis should be included in the end point 
documentation, as discussed in Chapter 4. 
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Table 5-3 Facility Assignment 

Facility Area or 
Equipment 

I (fictitious examDles) 
Main Control Room 

Instrument Gallery t Hot Shop 

Meteorology Instrument 1 Shed 
I Condensate Storage Tank 

External Demineralizer 
Building 

Lab Hoods 
N Cell Glove Boxes 

Diesel Generators 

Sump Level Detection 

Sump Pumping 
Elevator #7 

HVAC Main Exhaust 

I Local HVAC #i 

Notes 

Process Areas Viewing 

Quarterly tour path 

Remove instruments 

Drain and vent 

Possible use for future 
decommissioning 

Contaminated 

Remove Plutonium to 
acceDtable levels 

Possibly remove 
Storm water 

Storm water 
Future Access 

Reduce flow to 25% 
Verify Need 

Case 
1. Internal Spaces - Routine Access 

2. Internal SDaces - Access not exDected 

X 
X 

3. Exte 

nal 
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Hot Shop M-Cell Lab N-Cell PIV Room 

Objective 1 
Protect Public & 

Environment 

I I 

Ensure barriers/seals 
are in place to prevent 
migration of contamination 
to the environment. 

-- 

Objective 2 
Facilitate S&M 

Protect Workers 
Reduce Cost 

HVAC 

Fa ’ ate &D 

ICP Filter Hoods Labs Lighting 

I n.a. 

Ensure barriers/seals 
are in place to prevent 
migration of contamination 
to surrounding spaces 

Task Type Task Type 
1 2 

Hazards Radiation 

n.a. 

Task Type Task Type Task Type Task Type Task Type Task Type 
3 4 5 6 7 8 

Contamin- Waste Isolate & Monitor & Refurbish Document & 
ation Contain Control or Install Label 

I I I 1 

system and isolate utility feeders. contamination in 
common header exhaust ducting 

Figure 5-10 End Points Specification Path (Example) 
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Task Type 5 - Isolate & Contain 

S&M, Protect 

End Point 
Isolate hood drains. 

Completed: Date: 

Verified : Date: 
Seal vacuum header system and isolate common header. 

Completed: Date: 

Verified : Date: 
Drain and isolate utility feeders. 

Completed: Date: 

Verified : Date: 
Fix or isolate contamination in exhaust ducting. 

Completed: Date: 

Verified : Date: 

Figure 5-11 End Points Completion Format 
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5.3 Examples of Detailed End Point Criteria 
Tncluded here are examples used at PUREX for criteria required in the functional matrices in 
Section 5.2. Note in some cases, a task type is not present because the functional matrix 
indicated no need for a criterion. 

5.3.1 Case 1 Criteria - Internal Spaces, Routine Access Required 

Task Type 1 - Hazards 

I Objective 

Environment 

Protect Workers 
Reduce Cost 

Facilitate De- 
commissioning 
Comply with 
Regulations & 
Requirements 

Jr= 

* 

X 

A 

Criteria 

Remove unattached combustible materials to reduce the fire hazard. 

Reduce remaining Special Nuclear Material (SNM) to mitigate criticality 
concerns and allow termination of SNM accountability. 

Electrically de-energize equipment and deactivate instrumentation unless 
otherwise stated. 

Leave remaining dangerous materials in a state andor location where they pose 
no threat to the environment or human health. 
Resolve serious threats now5. 

Fire protectionldetection will be determined in the FHA. 

Document compliance with the "Hazardous Communication Program" as 
defined in WHC-CM-4-40, Industrial Hygiene Manual, Section 2.1, Rev. 0 
(Ref. EPTI #1) for inclusion in the turnover package. 

Document compliance with the "Asbestos Control Program" as defined in 
WHC-CM-4-40, Industrial Hygiene Manual, Section 2.3, Rev. 0 (Ref. EPTI #2) 
for inclusion in the turnover package. 

Document compliance with "Confined Space Entry" in accordance with 
WHC-CM-4-40, Industrial Hygiene Manual, Section 3.1, Rev. 1 (Ref. EPTI #3) 
for inclusion in the turnover package. 

That is, an existing situation is a serious hazard during decommissioning work, but mitigation is not strictly 
required for S&M. It may be a prudent decision to reduce the hazard regardless. 
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11 Objective 

Include survey requirements as part of the turnover package to verify 
containment of radioactive contamination. 
Remove/fix/contain source material to mitigate contamination migration using 
the "Reasonable Best Effort" methodology. 
Post radiological conditions in accordance with Hanford Site Radiological 
Control Manual (HSRCM-l), Chapter 2, Rev 2 (Ref. EPTI #4). 

Facilitate S&M IF 

It 

I1 

Protect Workers 
Reduce Cost c Facilitate De- 

Regulations & 
Requirements 

Task Type 2 - Radiation Fields 

* 

X 

A 

Criteria 

Maximum general dose rates for Case 1 surveillance corridors are provided (for 
current contaminated areas) in the End Point (Level 111). These end points were 
established based on starting/current dose rates and the use of ALARA, ALEA 
and reasonable best effort principles. Dose rates outside the surveillance 
corridor may exceed these levels. 

Post "Hot Spots" (>5 times general area and >lo0 mRem/hr) as defined in 
Hanford Site Radiological Control ManuqHSRCM-1), Chapter 2, Rev 2 
(Ref. EPTI #4). 
Remove/Shield source material to mitigate radiation exposure using the 
"Reasonable Best Effort" methodology. 
Remove temporary radiological zones. 

Post radiological conditions in accordance with Hanford Site Radiological 
Control Manual (HSRCM-l), Chapter 2, Rev 2, (Ref. EPTI #4). 

Task Type 3 - Contamination 
.I 

Objective 
1 

Protect Workers 
Reduce Cost 

commissioning 
Comply with 
Regulations & 

X 

A 

Criteria 

Maximum removable contamination levels for Case 1 surveillance corridors are 
provided (for current contaminated areas) in the End Point (Level 111). These 
end points were established based on startingicurrent contamination levels and 
the use of ALARA, ALEA and reasonable best effort principles. 
Contamination levels outside the surveillance corridor may exceed these levels. 
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Task Type 4 - Waste 

Objective 

Objective1 Criteria 

Criteria 

Facilitate De- 
commissioning 
Comply with 
Regulations & 
Requirements 

Protect Public & 

House keep and remove unattached material/equipment using the "Reasonable 

Ensure engineered barriersfseals are in place to prevent migration of both 
hazardous and radioactive contamination to the environment. 

. -  

Best Effort" methodology. 
Remove emergenc y lantern batteries and fire extinguishers. 

- 

Remove/dispose of radioactive, dangerous, and mixed wastes in accordance 
with approved waste handling procedures. 
Removeldispose of radioactive, dangerous, and mixed wastes in accordance 
with approved waste handling procedures. 

Task Type 6 - Monitor & Control 

Objective 11 
Protect Public & 

Protect Workers 

Reduce Cost I I  

Criteria 

Meet the requirements for Internal facility radiological monitors and air 
sampling capabilities in WHC-SD-SQA-TA-20004, Technical Assessment of 
Compliance with Work Place Air Sampling Requirements at the PUREX 
Facilitv, Rev 1, (Ref. EPTI #5). These requirements will be modified 
throughout the transition phase. 

Deactivate sump monitoring since fluid sources (water and steam) will be 
isolated from the facility. 
Surveillance lighting and convenience electrical receptacles are addressed in 
Case 4. 

No common criteria. 
Protect Workers 
Reduce Cost 
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Task Type 8 - Document & Label 

Objective 
Facilitate S&M 

Protect Workers 
Reduce Cost 

Facilitate De- 
commissioning 

Comply with 
Regulations & 
Requirements 

Meet Commitments 
to Stakeholders 

Criteria 
Document identified space industrial hazards for inclusion in the turnover 
package. 

Provide turnover package. 

Document space dose rates and contamination levels in the final radiological 
survey report and map per Hanford Site Radiological Control Manual 
(HSRCM-l), Chapter 5, Rev 2 (Ref. EPTI #6) for inclusion in the turnover 
package. 
Document amount and location of remaining hazardous substancesfdangerous 

11 wastes. 

5.3.2 Criteria - Internal Spaces for Which Access is Not Expected 

0 b jective 
Protect Public & 
Environment 
Facilitate S&M 

Protect Workers 
Reduce Cost 

Facilitate De- 
commissioning 
Comply with 
Regulations & 
Requirements 

Task Type 1 - Hazards 

* 
* 

X 
A 

Criteria 
Remove unattached combustible materials to reduce the fire hazard. 

Reduce remaining Special Nuclear Material (SNM) to mitigate criticality 
concerns and allow termination of SNM accountability. 

Electrically de-energize equipment and deactivate instrumentation unless 
otherwise stated. 
Resolve serious threats now. 

Fire protectioddetection will be determined in the FHA. 

Document compliance with the "Hazardous Communication Program" as 
defined in WHC-CM-4-40, Industrial HyPiene Manual, Section 2.1, Rev. 0 
(Ref. EPTI #1) for inclusion in the turnover package. 

Document compliance with the "Asbestos Control Program" as defined in 
WHC-CM-4-40, Industrial Hygiene Manual, Section 2.3, Rev. 0 (Ref. EPTI #2) 
for inclusion in the turnover package. 

Document compliance with "Confined Space Entry" in accordance with 
WHC-CM-4-40, Industrial Hygiene Manual, Section 3.1, Rev. 1 (Ref. EPTI #3) 
for inclusion in the turnover package. 
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0 b j ec t ive 
Facilitate De- 
commissioning 
Comply with 
Regulations & 
Requirements 

Objective 
Facilitate De- 
commissioning 
Comply with 
Regulations & 

Task Type 2 - Radiation Fields 
Criteria 

Remove/Shield source material to mitigate radiation exposure using the 
"Reasonable Best Effort" methodology. 
Remove temporary radiological zones. 

Post radiological conditions in accordance with Hanford Site Radiological 
Control Manual (HSRCM-l), Chapter 2, Rev 2, (Ref. EPTI #4). 

Task Type 3 - Contamination 
Criteria 

Removehix source material to mitigate contamination migration using the 
"Reasonable Best Effort" methodology. 
Post radiological conditions in accordance with Hanford Site Radiological 
Control Manual (HSRCM-l), Chapter 2, Rev 2 (Ref. EPTI #4). 

Requirements I U I  

Task Type 4 - Waste 
Objective Criteria 

commissioning 
Comply with 
Regulations & 
Requirements (1 
Meet 
Commitments to 
Stakeholders 11 

House keep and remove unattached materiallequipment using the "Reasonable - -  

Best Effort" methodology. 

Remove emergency lantern batteries and fire extinguishers. 

- 

Remove/dispose of radioactive, dangerous, and mixed wastes in accordance 
with approved waste handling procedures. 
Remove/dispose of radioactive, dangerous, and mixed wastes in accordance 
with approved waste handling procedures. 

Task Type 5 - Isolate & Contain 
Objective Criteria 

Ensure engineered barriersheals are in place to prevent migration of both 
hazardous and radioactive contamination to the environment. 
Place postings at entrances to prevent unintentional/ unauthorized access. 

Ensure engineered barriersheals are in place to prevent migration of both 
hazardous and radioactive contamination to the surrounding space. 

Facilitate S&M 
Protect Workers 
Reduce Cost 
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Objective 
Protect Public & 
Environment 

Objective 
Facilitate De- 

Facilitate S&M 
Protect Workers 
Reduce Cost 

I -T- 

Task Type 6 - Monitor & Control 

Task TvDe 8 - Document & Label 

Criteria 
Meet the requirements for Internal facility radiological monitors and air 
sampling capabilities in WHC-SD-SQA-TA-20004, Technical Assessment of 
Compliance with Work Place Air Sampling Requirements at the PUREX 
Facilitv, Rev 1, (Ref. EPTI #5). These requirements will be modified 
throughout the transition phase. 

Deactivate sump monitoring since fluid sources (water and steam) will be 
isolated from the facility. 
Surveillance lighting and convenience electrical receptacles are addressed in 
Case 4. 

commissioning 

Comply with 
Regulations & 

ll Requirements 

Meet Commitments 
to Stakeholders 11 li 

Criteria 
Provide turnover package. 

Document identified space industrial hazards for inclusion in the turnover 
package. 
Document space dose rates and contamination levels in the final radiological 
survey report and map per Hanford Site RadioloPical Control Manual 
(HSRCM-l), Chapter 5, Rev 2 (Ref. EPTI #6) for inclusion in the turnover 
nackaee. r- -~~~ 0.- 

Document amount and location of remaining hazardous substancesldangerous 
wastes. 
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5.3.3 Case 3 Criteria - External Spaces Including Building Exterior Envelopes 

Objective 
Protect Public & 
Environment 
Facilitate S&M 

Protect Workers 
Reduce Cost 

Facilitate De- 
commissioning 
Comply with 
Regulations & 
Requirements 

Objective 
Facilitate S&M 

Protect Workers 
Reduce Cost 

Facilitate De- 
commissioning 
Comply with 
Regulations & 
Requirements 

Task Type 1 - Hazards 

- * 
* 

- 
X 
A 
- 

- 

Criteria 
Remove unattached combustible materials to reduce the fire hazard. 

Reduce remaining Special Nuclear Material (SNM) to mitigate criticality 
concerns and allow termination of SNM accountability. 

Electrically de-energize equipment and deactivate instrumentation unless 
otherwise stated. 

A limited structural analysis will be conducted to verify structural integrity for a 
minimum of five (5) years. 
Resolve serious threats now. 

Fire protectioddetection will be determined in the FHA. 

Document compliance with the "Hazardous Communication Program" as 
defined in WHC-CM-4-40, Industrial Hygiene Manual, Section 2.1, Rev. 0 
(Ref. EPTI #1) for inclusion in the turnover package. 

Document compliance with the "Asbestos Control Program" as defined in 
WHC-CM-4-40, Industrial Hygiene Manual, Section 2.3, Rev. 0 (Ref. EPTI #2) 
for inclusion in the turnover package. 

Document compliance with "Confined Space Entry" in accordance with 
WHC-CM-4-40, Industrial Hygiene Manual, Section 3.1, Rev. 1 (Ref. EPTI #3) 
for inclusion in the turnover package. 

Task Type 2 - Radiation Fields 

* 

X 
A 

Criteria 
Maximum general dose rates for Case 3 surveillance corridors are provided (for 
current contaminated areas) in the End Point (Level 111). These end points were 
established based on starting/current dose rates and the use of ALARA, ALEA 
and reasonable best effort principles. Dose rates outside the surveillance 
corridor may exceed these levels. 

Post "Hot Spots" (>5 times general area _and >lo0 mRem/hr) as defined in 
Hanford Site Radiological Control ManuTHSRCM- l), Chapter 2, Rev 2. 
Remove/Shield source material to mitigate radiation exposure using the 
"Reasonable Best Effort" methodoloev. 
Remove temporary radiological zones. 

Post radiological conditions in accordance with Hanford Site Radiological 
Control Manual (HSRCM-l), Chapter 2, Rev 2, (Ref. EPTI #4). 
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Objective 
Protect Public & 
Environment 

Facilitate S&M 

Reduce Cost 
Protect Workers 

Facilitate De- 
commissioning 
Comply with 
Regulations & 
Requirements 

I 0 b j ective 

Regulations & 
Requirements 

Meet Commitments I to Stakeholders 

Objective 
Protect Public & 
Environment r 

Protect Workers 
Reduce Cost 

Comply with 
Regulations & 
Reauirements 
Meet Commitments 
to Stakeholders 

Task Type 3 - Contamination 

* 

* 

X 
A 

Criteria 
Remove/fix source material using the "Reasonable Best Effort" methodology. 

Include survey requirements as part of the turnover package to verify 
containment of radioactive contamination. 
Maximum removable contamination levels for Case 3 surveillance corridors are 
provided (for current contaminated areas) in the End Point (Level 111). These 
end points were established based on starting/current dose rates and the use of 
ALARA, ALEA and reasonable best effort principles. Contamination levels 
outside the surveillance corridor may exceed these levels. 
Remove/fix source material to mitigate contamination migration using the 
"Reasonable Best Effort" methodology. 
Post radiological conditions in accordance with Hanford Site Radiological 
Control Manual (HSRCM-l), Chapter 2, Rev 2 (Ref. EPTI #4). 

Task Type 4 - Waste 

X 
* 

A 

Criteria 
House keep and remove unattached materiaVequipment using the "Reasonable 
Best Effort" methodology. 
Remove emergency lantern batteries and fire extinguishers. 

Remove/dispose of radioactive, dangerous, and mixed wastes in accordance 
with approved waste handling procedures. 
Remove/dispose of radioactive, dangerous, and mixed wastes in accordance 
with approved waste handling procedures. 

Task Type 5 - Isolate & Contain 

* 

* 

A 

A 

Criteria 
Ensure engineered barriersheals are in place to prevent migration of both 
hazardous and radioactive contamination to the environment. 

Post space access points to prevent unintentional/ unauthorized access. 
Assess roof integrity for the prevention of in-leakage for a minimum of five (5) 
years. Include studies in the turnover package. 

Leave remaining dangerous materials in a state and/or location where they pose 
no threat to the environment or human health. 
Ensure engineered barriersheals are in place to prevent migration of both 
hazardous and radioactive contamination to the environment. 

Same as above. 
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Task Type 6 - Monitor & Control 
Objective Criteria 

Protect Public & 
Environment 

The environmental monitoring program (PUREX area dog houses) will 
continue to comply with defined guidance and requirements. This item is 
supplied for information only as it is outside the control of the PUREX facility. 

Deactivate sump monitoring since fluid sources (water and steam) will be 
isolated from the facility. 
Same as above. Comply with 

Regulations & 
Requirements 

.’ 

I Objective Criteria 
Facilitate S&M 

Protect Workers 
Refurbish facility as required by the structural and roof integrity studies. E n -  Reduce Cost Install physical barrier to prevent unintentional/ unauthorized access. 

Task Type 8 - Document & Label 
I, 

1 Objective 11 
Facilitate S&M 

Protect Workers 
Reduce Cost 

commissioning 

Regulations & 

ll (1 Requirements 

11 Meet&mitments / /  A 
to Stakeholders 

Criteria 
Document identified space industrial hazards for inclusion in the turnover 
package. 

Verify ancillary building identifications are clearly posted on the exterior of the 
building. 
Provide turnover package. 

Document space dose rates and contamination levels in the final radiological 
survey report and map per Hanford Site Radiological Control Manual 
(HSRCM-l), Chapter 5, Rev 2 (Ref. EPTI #6) for inclusion in the turnover 
package. 
Document amount and location of remaining hazardous substances/dangerous 
wastes. 

5-3 1 



5.3.4 Case 4 Criteria - Systems/Equipment Which Must be Kept Operational 

Objective 
Protect Public & 
Environment 
Facilitate S&M 

Protect Workers 
Reduce Cost 

Comply with 
Regulations & 
Requirements 

Objective 
Facilitate S&M 

Protect Workers 
Reduce Cost 

Comply with 
Regulations & 
Requirements 

Objective 
Facilitate S&M 

Protect Workers 
Reduce Cost 

Comply with 
Regulations & 
Requirements 

Task Type 1 - Hazards 

* 
* 
- 
A 

Criteria 
Reduce remaining Special Nuclear Material (SNM) to mitigate criticality 
concerns and allow termination of SNM accountability. 
Leave remaining dangerous materials in a state and/or location where they pose 
no threat to the environment or human health. 

Document compliance with the "Hazardous Communication Program" as 
defined in WHC-CM-4-40, Industrial Hygiene Manual, Section 2.1, Rev. 0 
(Ref. EPTI #1) for inclusion in the turnover package. 

Document compliance with the "Asbestos Control Program" as defined in 
WHC-CM-4-40, Industrial Hygiene Manual, Section 2.3, Rev. 0 (Ref. EPTI #2) 
for inclusion in the turnover package. 

Document compliance with "Confined Space Entry" in accordance with 
WHC-CM-4-40, Industrial Hygiene Manual, Section 3.1, Rev. 1 (Ref. EPTI #3) 
for inclusion in the turnover package. 

Task Type 2 - Radiation Fields 
Criteria 

Maximum general dose rate levels are defined in the Space where the system is 
located. 

Remove/Shield source material to mitigate radiation exposure using the 

A 
"Reasonable Best Effort" methodology. 
Post radiological conditions in accordance with Hanford Site Radiological 
Control Manual (HSRCM-I), Chapter 2, Rev 2, (Ref. EPTI #4). 

Task Type 3 - Contamination 

* 

A 

Criteria 
Remove/fix source material to mitigate contamination migration using the 
"Reasonable Best Effort" methodology. 

Maximum removable contamination levels are defined in the Space where the 
system is located. 
Post radiological conditions in accordance with Hanford Site Radiological 
Control Manual (HSRCM-l), Chapter 2, Rev 2, (Ref. EPTI #4). 
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Regulations & 
Requirements 

Task Type 5 - Isolate & Contain 
Criteria 

11 Ensure engineered barrierdseals are in place to prevent migration of both Facilitate S&M * 

Identify accumulation areas for waste generated by operational systems and 
include in the turnover package (i.e. general waste awaiting characterization 
and designation). 

Protect Workers 

Obiective 

hazardous and radioactive contamination to the surrounding space. 

Protect Public & 
Environment 
Facilitate S&M 

Protect Workers 
Reduce Cost 

Comply with 
Regulations & 
Requirements 

Objective 
Protect Public & 
Environment 

Facilitate S&M 
Protect Workers 
Reduce Cost 

Comply with 
Regulations & 
Requirements 

Task Type 6 - Monitor & Control 

* 
Criteria 

No general criteria. 

Furnish surveillance lighting and convenience electrical receptacles. 

The environmental monitoring program (PUREX area dog houses) will 
continue to comply with defined guidance and requirements. This item is 
supplied for information only as it is outside the control of the PUREX facility. 

Define system calibration and preventive maintenance requirements. 

Define system discharge monitoring/instrumentation requirements. 

* 
* 

Task Type 7 - Refurbish or Install - -  
Criteria 

Consolidate the 202-A exhaust ventilation to a single system for contamination 
control. 

Provide system spare parts inventory listing. 
Same as above 

Newly installed electrical distribution will be in accordance with NEC 
requirements. 
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Task Type 8 - Document & Label 
Objective 

Facilitate S&M 
Protect Workers 
Reduce Cost 

Comply with 
Regulations & 
Requirements 

Meet Commitments 
to Stakeholders 

* 

A 

A 

Criteria 
Post operational system. 

Provide turnover package. 
Define instrumentation reading frequency for inclusion in the turnover package. 

Document amount and location of remaining hazardous substancesfdangerous 
wastes. 
Document amount and location of remaining hazardous substancesfdangerous 
wastes. 

5.3.5 Case 5 Criteria - Systems/Equipment to be Mothballed 

commissioning 

Comply with 
Regulations & 
Requirements 

Objective 
Facilitate S&M 

Protect Workers 
Reduce Cost 

Comply with 
Regulations & 
Requirements 

Task Type 1 - Hazards 

* 

A 

Task T w e  2 - Radiation Fields 

Criteria 
Electrically de-energize equipment and deactivate instrumentation unless 
otherwise stated. 

Drain liquids not required for preservation from accessible equipment using 
"Good Management Practices". 
Document compliance with the "Hazardous Communication Program" as 
defined in WHC-CM-4-40, Industrial Hygiene Manual, Section 2.1, Rev. 0 
(Ref. EPTI #1) for inclusion in the turnover package. 

Document compliance with the "Asbestos Control Program" as defined in 
WHC-CM-4-40, Industrial Hygiene Manual, Section 2.3, Rev. 0 (Ref. EPTI #2) 
for inclusion in the turnover package. 

Document compliance with "Confined Space Entry" in accordance with 
WHC-CM-4-40, Industrial Hygiene Manual, Section 3.1, Rev. 1 (Ref. EPTI #3) 
for inclusion in the turnover package. 

" a  

Criteria 
Maximum general dose rate levels are defined in the Space where the system is 
located. 

Remove/Shield source material to mitigate radiation exposure using the 
"Reasonable Best Effort" methodology. 
Post radiological conditions in accordance with Hanford Site Radiological 
Control Manual (HSRCM-I), Chapter 2, Rev 2, (Ref. EPTI #4). 
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Protect Workers 
Reduce Cost 

Regulations & 
Requirements 

Maximum removable contamination levels are defined in the Space where the 
system is located. 

Remove/fix source material to mitigate contamination migration using the 
"Reasonable Best Effort" methodology. 
Post radiological conditions in accordance with Hanford Site Radiological 
Control Manual (HSRCM-l), Chapter 2, Rev 2, (Ref. EPTI #4). 

Task Type 5 - Isolate & Contain 
Objective Criteria 

Ensure engineered barriedseals are in place to prevent migration of both 
hazardous and radioactive contamination to the environment. 

Objective 

Facilitate De- Ensure engineered barriers/seals are in place to prevent migration of both 
hazardous and radioactive contamination to the surrounding space. 

Criteria 

Regulations & 
Requirements 
Meet Commitments 
to Stakeholders 

5-35 

Remove/dispose of radioactive, dangerous, and mixed wastes in accordance 
with approved waste handling procedures. 

Same as above. 

a 1 Objective 11 * , Criteria 
Facilitate De- 
commissioning refurbishment for decommissioning. 

Provide protective measures to inhibit further equipment degradation permitting 



Task Type 8 - Document & Label 
Objective 

Facilitate De- 

ll A 
Comply with 
Regulations & 

Requirements I 

Criteria 
Document system lay-up. 

Include system restart and preventive maintenance procedures as part of the 
turnover package. 

Label mothballed equipment. 

Provide turnover package. 
Document amount and location of remaining hazardous substances/dangerous 
wastes. 

Same as above. 

5.3.6 Case 6 Criteria - SystemdEquipment to be Abandoned in Place 

Objective 
Protect Public & 
Environment 

Protect Workers 
Reduce Cost 

Regulations & 
Requirements 

Task Type 1 - Hazards 

* 
* 

A 

Criteria 
Reduce remaining Special Nuclear Material (SNM) to mitigate criticality 
concerns and allow termination of SNM accountability. 
Electrically de-energize equipment and deactivate instrumentation unless 
otherwise stated. 

Leave remaining dangerous materials in a state and/or location where they pose 
no threat to the environment or human health. 

Drain liquids from accessible equipment using "Good Management Practices". 
Document compliance with the "Hazardous Communication Program" as 
defined in WHC-CM-4-40, Industrial Hygiene Manual, Section 2.1, Rev. 0 
(Ref. EPTI #1) for inclusion in the turnover package. 

Document compliance with the "Asbestos Control Program" as defined in 
WHC-CM-4-40, Industrial Hygiene Manual, Section 2.3, Rev. 0 (Ref. EPTI #2) 
for inclusion in the turnover package. 

Document compliance with "Confined Space Entry" in accordance with 
WHC-CM-4-40, Industrial Hygiene Manual, Section 3.1, Rev. 1 (Ref. EPTI #3) 
for inclusion in the turnover package. 
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Objective 
Facilitate S&M 

Protect Workers 
Reduce Cost 

Comply with 
Regulations & 
Requirements 

Objective 
Facilitate S&M 

Protect Workers 
Reduce Cost 

Comply with 
Regulations & 

Objective 
Comply with 
Regulations & 
Requirements 
Meet Commitments 
to Stakeholders 

Task Type 2 - Radiation Fields 
Criteria 

Maximum general dose rate levels are defined in the Space where the system is 
located. 

RemoveIShield source material to mitigate radiation exposure using the 
"Reasonable Best Effort" methodology. 
Post radiological conditions in accordance with Hanford Site Radiological 
Control Manual (HSRCM-l), Chapter 2, Rev 2, (Ref. EPTI #4). 

I I  

Task Type 3 - Contamination 
Criteria II - * 

A 

Maximum removable contamination levels are defined in the Space where the 
system is located. 

Remove/fix source material to mitigate contamination migration using the 
"Reasonable Best Effort" methodology. 
Post radiological conditions in accordance with Hanford Site Radiological 
Control Manual (HSRCM-l), Chapter 2, Rev 2, (Ref. EPTI #4). 

Task TvDe 4 - Waste 

- * 
- 
A 

Criteria 
Removeldispose of radioactive, dangerous, and mixed wastes in accordance 
with approved waste handling procedures. 

Vessels are broken down into three categories as follows: 

. TSD, Identified in Part A Permit 
- Flush until final system flush designates as non-dangerous per RCRA 
protocol sampling. Empty to minimum heel. 

Non TSD, that can be emptied or are empty 
- Empty 

Non-TSD, that can not be emptied 
- Flush until identified sample analysis requirements are met and empty 
to minimum heel. 
- Identify, by way of process knowledge, the contents of the vessel and 
state it in the comment column of the table. Empty to minimum heel. 

A table listing each tank category with any flush and sampling requirements is 
attached. Specific tank listings are in Level 3 specific system requirements. 
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Facilitate S&M 
* Protect Workers 

I Reduce Cost I U I  

Ensure engineered barriersheals are in place to prevent migration of both 
hazardous and radioactive contamination to the environment. 
Same as above. 

Task Type 8 - Document & Label 
I 

Obiective 

Protect Workers 
Reduce Cost 

Regulations & 

Criteria 
Label "Abandoned in Place" system. 

Provide turnover package. 

Document amount and location of remaining hazardous substancesldangerous 
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6. CHECKLIST END POINTS METHOD 

Subiects of This Chapter 
This chapter presents the second of two methods for deriving end point specifications. 

Examples Checklist Application 

Setting up an End Points Checklist 

Examples of Checklist End Points 

Managers of some facility deactivation projects can consider use of a checklist method for 
endpoints'. The checklist method is consistent with a graded approach to planning, in which the 
level of detail is appropriate to the complexity and risks of the project. This approach is suitable for 
facilities which are basically industrial buildings, relatively uncontaminated, and without 
substantive process systems. However, other considerations may favor use of a checklist method 
(see Chapter 3, Section 3.4). 

Each project should create its own checklist, or set of checklists, specific to the facility. The 
examples in this chapter provide a starting point. In creating checklists for use in the field, when 
writing specific checklist items, it is very important to be careful about using absolute statements 
which include terms such as "all", or "no remaining", etc. It is much better to have agreement on a 
reasonable condition and/or some reference criteria that will depend on the use and condition of the 
facility that will follow deactivation. 

6.1 Setting up an End Points Checklist 
The steps for setting up an end points checklist are illustrated in Figure 6-1. Taken together, they 
create a checklist template and combine it with a physical definition of the facility to develop a 
specific checklist for each part of the facility that can be logically deactivated as a unit. 

6.1.1 Step 1 - Checklist Template 
The first step in the checklist method is to create a Template that will be applied to all the groupings 
by physical boundaries in the facility. 

The Template requires three types of I "Physical boundaries" refer to, for example: 
input: 

Completion Criteria 
S&MPlanning 
Typical Checklist Items 

A room, a set of rooms, or a whole building, or 
an area. 
A system, a collection of systems, a tank, a 
collection of tanks, or tank(s) and connected 
systems. 
Anything else convenient for work 
management. 

' While acceptance by the DNFSB is not required, users are advised that as of this writing the hierarchical method has 
been accepted while the checklist method has not been subjected to such review. 
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Completion Criteria Post-Deactivation 
Checklist Items 

Checklist Template 
I 

< I I , 

Step 2 
Facility Groups 

by Physical Boundaries 

Figure 6-1 Checklist Setup 
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Step l a  - Completion Criteria 
The first step is to reach agreement with the customer as to the status of the facility when 
deactivation is complete. Starting with the overall expectations (see Chapter l), a more specific set 
of objectives can be developed such as in Table 6-1. 

1. 

2. 

3. 

4. 

5. 

6. 

7.  

8. 

9. 

Table 6-1 Checklist Method Completion Criteria 

Post-Deactivation Access and S&M Preparation - a quarterly routine inspection of the facility is 
conducted to ensure nothing has changed significantly. Equipment, such as lights and exhaust fans, 
will be operational to support this S&M routine. (See Table 6-2) 

Facility Structure - Structural integrity will be such that: 1) inspection personnel are safe, and 2) 
contamination or hazardous materials remaining in the facility are contained or have been stabilized 
against release. Note; the S&M plan may call for a structural integrity inspection, such as for the 
roof and bearing walls, much less frequently than quarterly. (See Table 6-3) 

Waste and Liquid Effluents - Loose materials will have been removed to the extent practical. The 
only liquids remaining are minor quantities which cannot be readily removed with installed 
equipment. (See Table 6-4) 

Personnel Safety - The safety of inspection personnel are safeguarded by stable conditions, 
postings, and written procedures. (See Table 6-5) 

Process Systems and Equipment - Process systems and equipment have been abandoned in place, 
isolated or sealed off for safety of future personnel, or removed where there is a compelling reason to 
do so. (See Table 6-6) 

Service and Utility Systems and Equipment - Only systems required to support S&M and maintain 
the stable condition (such as lighting, exhaust ventilation, sump pumps, etc.) are operational. 
Equipment which has been judged to be valuable for future decommissioning (such as elevators or 
cranes) in a few limited cases has been mothballed for future use. Other utility systems have been 
abandoned in place, isolated or sealed off for safety of future personnel, or removed where there is a 
compelling reason to do so. (See Table 6-7) 

Radiation Protection - Is established in accordance with standard procedures. In particular, the 
S&M walk-through path will have been subjected to ALARA review. Contamination remaining in 
the facility is contained in limited areas or has been stabilized against release. (See Table 6-8) 

Nuclear Materials - Special nuclear material and nuclear fuel have been removed. Residual fissile 
material is reduced to the level such that criticality cannot occur. (See Table 6-9) 

Hazardous Materials - Hazardous materials and chemicals have been removed in accordance with 
environmental regulations. Where feasible, RCRA closure will have been achieved for listed 
materials. Hazardous materials remaining in the facility are contained in limited areas or have been 
stabilized against release. Documentation of the amount and location of remaining hazardous 
material is complete. (See Table 6-10) 

10. Housekeeping and Miscellaneous Materials - Classified and valuable materials are removed. 
Trash, furniture, and other loose equipment will have been removed. (See Table 6-1 1) 
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Step l b  - Preliminary Post-Deactivation S&M Plan 
Part of the final conditions must consider support for the surveillance and maintenance activities, 
with special emphasis on worker safety. Therefore, some degree of planning is required for input to 
the checklist items. Chapter 8 discusses S&M plans and provides a comprehensive example. 
Again, a graded approach can be used and the S&M plan could be centered on its own checklist 
with associated procedures and referenced practices. 

Step IC - End Point Checklist Items 
Specific checklist items are needed for input. The examples of Table 6-2 through Table 6-1 1 can be 
used as a starting point. In addition, Section 6.2.3 provides examples that have been used by others. 
The tables and the example checklist were both derived from draft EM-40 criteria published around 
1993, although the tables are somewhat more comprehensive as they have factored in experience 
gained since then. 

Step Id - Checklist Template for the Facilitv 
Using the completion criteria, the preliminary S&M plan, and example checklist items, a facility 
generic checklist Template is created. "Generic" means without regard to the specifics that might 
apply to the physical grouping of the facility. The 36 items in Part A of the checklist in Section 
6.2.3 provide an example of such a Template. 

6.1.2 Step 2 - Facility Groups by Physical Boundaries 
Eventually a separate checklist will be created and applied to each of several areas in the facility. 
This step is to decide how the facility is to be divided up for this purpose. The bases for such 
grouping can include, for example: 

Logical work areas 

Physical boundaries, such as walls, rooms, buildings, etc. 

Systems or equipment, tanks, pools, etc. 

6.1.3 Step 3 - Create an Applicability Matrix 
This step is to decide which parts of the Template apply to each physical group. (An example is 
provided in Table 6-15.) Each row of the matrix is one of the checklist items determined in Step 1. 
The first column of the matrix is the checklist item. The remaining columns are for each physical 
group decided in Step 2. A check is placed in each cell where the checklist item applies to the 
group. 

In this matrix, columns can also be usedfor administrative functions which apply to the facility as a 
whole and are not necessarily related to any specific physical boundary. 

6.1.4 Step 4 - Specific Considerations 
This step is to collect the specific conditions that apply to one or more of the physical groupings and 
which are used to augment the checklist Template for the appropriate group. 
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Step 4a - Facilitv Spaces Svstems, and Equipment Deactivation Conditions 
Spaces, systems, tanks, etc. should be listed and decisions made with regard to their end condition. 
Examples of straightforward ways to do this are in Table 6-12 and Table 6-13. The considerations 
for checking each column in these tables are the same as for the hierarchical method "Case 
Assignments" (see Chapter 5). 

Step 4b - End Points Unique to Groups 
In addition to space and equipment end conditions, there may be other specific end points that apply 
to one or more groups. These could be agreements with regulators, exceptions to the general list 
negotiated with the customer, etc. These should be collected along with notations for references 
when appropriate. The 4 additional items Part B of the checklist in Section 6.2.3 provide an 
example. 

6.1.5 Step 5 - End Point Specification/Closeout Checklist(s) 
Each column of the Applicability Matrix is used to create a separate checklist for each physical 
group from the generic items. Then the items unique are added as appropriate to each group. Only 
one checklist is created for each physical grouping. Thus, if the facility has 8 physical groups plus 
an administrative column as shown in the example Applicability Matrix of Table 6-15, there will be 
9 end point checklists. 

Each project should create a format for the individual checklists to suit their needs. The closeout 
methods of Chapter 4 can be adapted to the format. An example format is shown in Table 6-14 
with randomly selected examples. Note that the example contents of Table 6-14 and that in the 
Applicability Matrix of Table 6-15 are different because the former is based on example checklist 
tables in Section 6.2 while the latter is adapted from a real case using the example of Section 6.2.3. 

6.2 Checklist Examples 

6.2.1 Checklist End Point Examples 
Table 6-2 through Table 6-1 1 are examples of checklist items that may be used to develop a facility 
checklist Template. 

6.2.2 Applicability Matrix Example 
An example of an Applicability Matrix is shown in Table 6-15. This is a fictitious example that 
uses information from a field project different from the example that follows below. 
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6.2.3 Example of Check List Step 2, Checklist Items 
This example is taken from a field case of the Hanford Plutonium Recycle Test Reactor. The items 
listed would be those used in the first column of the applicability matrix and subsequent checklists. 

DECONTAMINATION AND DECOMMISSIONING (D&D) FACILITY 

ACCEPTANCE CRITERIA FOR THE 309 BUILDING 

The following information represents some guidance relative to the acceptance criteria for the 
eventual transfer of the Hanford Plutonium Recycle Test Reactor (309 Facility) into the 100 Area 
Projects Program for the purpose of decommissioning. These acceptance criteria were designed 
such that the 309 Facility could be maintained in a surveillance and maintenance (S&M) mode for 
up to 20 - 25 years before final decommissioning. 

Part A. Generic Conditions for Facility Transfer 
Complete the deactivation check sheets for each facility or group of facilities signed off by the 
responsible personnel performing the actual work and the overview organizations with 
management's approval signatures. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Finalize and close out any existing occurrence reports, off-normal occurrence reports, unusual 
occurrence reports, and/or any other out-of-standard condition reports in accordance with 
applicable Management Requirements & Procedures (MRP) or other applicable Hanford Site 
requirements. 

Complete a risk assessment and prepare 309 Facility Interim Safety Basis. (Reference) 

Assure that Certified Vendor Information (CVI), Equipment Maintenance Standards (EMS), 
equipment operating procedures, records, prints, as-builts, photographs, etc., are available in an 
indexed file and in good up-to-date order for those items required to implement the S&M 
program. (Reference) 

Assure, where applicable, full compliance with WHC-CM-1-6, WHC Radiological Control 
Manual, especially as it pertains to radiological posting. This should be accomplished by 
having Health Physics perform an operational safety assessment, followed by operations 
correcting all noted discrepancies. 

Review with 100 Area Projects (in coordination with Regulatory Program Integration) any 
existing environmental and/or other applicable permits associated with the facility to determine 
the status and applicability for maintaining them. 

Decontaminate and release all permanent radiation zones (including blank flanges and duct 
work) or reduce the surface contamination levels to prevent re-suspension and/or migration of 
loose contamination in accordance with Health Physics direction, or, with concurrence of 100 
Area Projects, seal the area. 

Decontaminate and release all temporary radiation zones inside and outside of facilities, or, with 
concurrence of 100 Area Projects, seal the area. 
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8. Collect and dispose of all hazardous materials used for deactivation and cleanup work in 
accordance with established procedures. 

9. Remove from facility all unattached hazardous material (i.e., lead, mercury, etc.) and dispose of 
in accordance with established procedures and applicable requirements. 

10. Locate, identify, and quantify all hazardous material which is attachedcontained and cannot be 
removed without going into a D&D mode and record as part of the shutdowddeactivation file. 

1 1. Assure that final radiological status surveys are available on file, especially for all process 
equipment, drains, sumps, and air handling equipment. 

12. Clean, drain, and/or remove heels from all tanks, vessels, drums, etc., or, with concurrence of 
100 Area Projects, leave in place and sample and analyze for radionuclides and hazardous 
materials in accordance with applicable state and federal regulations. See item B-3 for further 
details. 

13. Deactivate all crane systems with documentation on file as to the type, weight, and class of 
fluids used in the system so as to aid in any future startups. Also include files that relate to 
preventative maintenance information. 

14. Develop an S&M Plan for guidance to 100 Area Projects on future requirements to maintain the 
facility in a safe, stable condition until final decommissioning. 

15. Reduce or eliminate the electrical and water supply services to the facility in accordance with 
the requirements of the S&M plan. 

16. Centralize, where applicable, the electrical services left for S&M activities to one location @e., 
lighting circuits that are required for S&M). 

17. Remove all emergency lighting from the facility and recycle/dispose of associated batteries in 
accordance with applicable procedures. 

18. Assure that there is documentation available on file showing that zero energy checks were made 
on all electrical circuits that were deenergized. 

19. Install a continuous air monitoring system to a level required by the Health Physics organization 
(based upon air pattern smoke tests, personnel access requirements, and airborne contamination 
potentials). 

systems, where appropriate. 

Group. 

organization. 

capabilities). 

screening off the outlet end of the discharge pipes for varmint control. 

20. Deactivate, environmentally seal (i.e., install a blank flange), and tag air supply and exhaust 

21. Reduce or eliminate year-round fire protection systems in accordance with the Fire Protection 

22. Reduce physical areas requiring radiation monitoring to a level required by the Health Physics 

23. Deactivate, double isolate, and tag the building steam system (note condensation handling 

24. Isolate all liquid effluent flow routes to disposal sites by sealing or capping at the facilities and 
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25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

Close off all appropriate facility penetrations, i.e., louvers, pipe openings, vent pipes, etc., to 
prevent bird, animal, and weather intrusions. 

Adequately close off all systems that were open to facilitate deactivation and could present a 
radiological and/or an industrial safety problem if left open. 

Repair all known facility roof leaks and/or deteriorated roof panels to assure roof integrity for at 
least five years. 

Remove and excess all office furniture. 

Remove and excess all tools and equipment. 

Remove all janitorial supplies from facility. 

Remove or stabilize loose or damaged asbestos in and around the facility. 

Perform good housekeeping in all zones and areas in and around the facility. 

Identify the required workplace environmental monitoring systems and maintain in serviceable 
condition. (Reference) 

Identify any seal pits, dry or wet, and assure that their radiological status is documented and 
available on file. 

Lock from the inside all doors to the facility except those required for entrance by S&M crews. 
Turn over to 100 Area Projects any keys needed for entrance as part of the access and key 
control procedures. 

Deactivation of the facility shall be accomplished to the extent that future surveillance 
inspections will not be required on a frequency of more than once each quarter. 

Part B. Specific Conditions For the Transfer of the Plutonium Recycle Test Reactor (309 
Building) 
37. Record all deactivation activities in the deactivation log books and reports. Incorporate Lock & 

38. The following are additional details related to item 12 of the above generic conditions: 

Tag logbook and asbestos survey information into permanent records. 

0 Flush, clean, drain, decontaminate, and remove heels from all tanks, vessels, piping, sumps, 
ion exchange (IX) columns2, IX vaults, filters, etc., that were used either for storage of 
chemicals or deionization of PRTR coolant. This also includes previous equipment which 
has been out of service. A photographic record of the internal vessels should be made where 
applicable, or with the concurrence of 100 Area Projects, they are left in place, sampled, and 
analyzed for radionuclides and hazardous materials in accordance with applicable state and 
federal regulations. 

Blank the piping and duct systems at the appropriate location within the system after they 
have been flushed, cleaned, drained, and/or heels removed. Enter in the deactivation 
logbook a record of the blanks installed. 

0 

The ion exchange columns should be treated as solid mixed waste. 
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Install liquid level and monitoring equipment in vessels, ion exchange vaults, or sumps that 
have the potential to receive significant liquid effluents from building leaks, consolidation of 
flushing solutions or storm water. 

Review and provide a file on the operating history of and the spare parts list for plant 
equipment that is required to be left operational in support of the S&M activities. This 
equipment shall not produce any liquid effluent discharges. 

39. At such time as the containment crane is needed, it be repaired to a state such that it can be 

40. Relocate/remove 3763 building electrical power lead from 309 Building distribution 

utilized during D&D efforts. 

systedswitch gear. 

End Point /End Point Activity 
List and specify deactivated status of each facility space, room, and 
area. 
Control facility access to preclude personnel entry other than that 
required for quarterly radiation and other surveys. 
Install and monitor systems needed for surveillance until 
decommissioning activities commence. Systems should be monitored 
at stations outside the contaminated facility. 
To the extent appropriate for surveillance, decontaminate/clean 
external surfaces of canyon vessels and internal surfaces of cells to 
remove significant radioactive or chemical residues. 
Safeguards and Security systems and procedures shall be adequate to 
prevent unauthorized entry to any structures at the facility and to 
protect remaining nuclear and non-nuclear material. 
Prepare or update a surveillance and maintenance plan or monitoring 
plan, including a cost estimate, consistent with final condition of 
facilitv at turnover. 

Table 6-2 Post-Deactivation Access and S&M Preparation Checklist Items 

Comment 
See Table 6-12 for examples. 

This effort should only be conducted if it 
is essential for safe S&M. 

In some cases accountable materials may 
necessarily remain within the facility 
after deactivation. 
This is required for end point planning, 
but is not a physical end point in itself. 
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Table 6-3 Facility Structure Checklist Items 

End Point E n d  Point Activity 
Inventory or remove unattached solid hazardous material that are 
stored at the facility. 
Remove liquid hazardous and other chemical inventories that are 
stored at the facility. 
Terminate liquid effluents - remove all contaminated liquids. 

Fix in place or remove loose and friable asbestos. 

End Point /End Point Activity 
Ensure that any structures at the facility and their required systems are 
structurally sound so as to permit deferred final decommissioning of 
such structures for up to 5 years after turnover. 

Comment 

In some cases, "all" may not be 
appropriate. 
In some cases, this may not be necessary 
in spaces that are never accessed during 
the S&M Deriod. 

Recommend post-5 year inspections; e.g., for roof, drains, structure 
corrosion. 

End Point /End Point Activity 
Conduct Housekeeping. 
Prevent personnel from utilizing the building and deactivate/clean all 
personnel support systems (i.e. offices, bathrooms, lunchrooms, 
ventilation systems etc.). 
Place any structures at the facility in a safe, secure condition, 
removing any immediate threats to human health and safety. 

Comment 

Comment 
See Table 6-1 1 for example. 
Cleaning should be limited to reasonable 
effort. 

Be sure to conduct a roof inspection. 
Repair or replace if appropriate to the 
long term need. 

Exceptions will be made to this 
requirement in cases where adequate 
funding to cover needed repairs can be 
provided by EM. 
This may more properly be the 
responsibility of the post-deactivation 
S&M organization. 

Table 6-4 Waste and Liquid Effluents Checklist Items 

Table 6-5 Personnel Safety Checklist Items 
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Table 6-6 Process Systems and Equipment Checklist Items 

~~~ 

End Point /End Point Activity 
List and specify deactivated status of each facility service and utility 
system. 
Deactivate, consolidate or cascade the facility Heating Ventilation and 
Air Conditioning (HVAC) systems so that only the necessary exhaust 

End Point /End Point Activity 
List and specify deactivated status of each facility process system. 
Complete activities dependent on plant-specific process, operating, 
and facilities engineering expertise. 

Comment 
See Table 6- 13 for example 

Complete activities dependent on existing, functional, facility specific 
equipment which will be inoperable following a decade deactivation 
period. 

Identify elevators and cranes for future use. Deactivate those in a 
manner that will allow future re-activation. 
Leave in place, as a general rule deactivated electrical systems. 

Flush the internal surfaces of all process and chemical vessels to 
remove water soluble chemical and/or radioactive residue. Empty 
vessels to the degree practicable. Record the amount of residual fluid. 

File documentation on information 
needed to reactivate. 

Flush and drain the interior process and chemical piping to remove 
water soluble residue. 

Drain all other tanks, vessels, and piping. 
Leave in place, as a general rule, process and utility vessels and utility 
tanks, and piping systems. 
Remove equipment and tooling from within doveboxes. 
Seal or otherwise physical isolate flow routes to disposal locations. 

Comment 
See Table 6-13 for example. 
It is important to not leave systems in a 
state that requires re-start to facilitate 
ultimate dismantlement. 
It is important to not leave systems in a 
state that requires re-start of abandoned in 
place or removed equipment to facilitate 
ultimate dismantlement. 
Vessels are flushed and samples are taken 
until residual does not exhibit dangerous 
waste characteristics. Vessels are 
emptied as far as the in place transfer 
equipment will allow vessel to be 
emptied. No additional flushes should be 
performed exclusively for radionuclides, 
however, flushing to eliminate dangerous 
waste characteristics also removes 
product components and radioactivity. 
Pipes are drained or flushed. However, 
this is performed to empty the pipe. 
Some water soluble residues will remain. 

Table 6-7 Service and Utility Systems and Equipment Checklist Items 

I 

Deactivate loss prevention systems and all other electrical systems, I Fire protectioddetection need can be 
retaining only those fire protection systems needed to ensure the 
integrity of the confinement structures. 

determined in a revised Fire Hazards 
Analysis. 

Physically isolate circuits not required for S&M activities. 
Drain, isolate. and abandon building; steam and condensate svstems. I 
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Table 6-8 Radiation Protection Checklist Items 

End Point /End Point Activity 
List and specify deactivated status for radiation and radioactive 
contamination of each facility space, room, and area. 
Paint as required, cell floors that have significant radionuclide 
retention to coat and fix contamination and minimize migration. 

Remove or stabilize radioactive source terms to reduce risk to a low 
hazard level in accordance with DOE Order 5480.23. 
Any structure(s) and existing radiation monitoring systems as 
required, shall be in a physical condition adequate to contain and 
monitor potential release of any radioactive contamination, in 
accordance with DOE Order 5400.1 (General Environmental 
Protection Program.) 

The most current radiation contamination, hazardous, and toxic 
materials survey of the facility and surrounding areas shall be 
provided. 
Ensure that confinement structures are structurally sound and in good 
repair to contain radioactive materials and preclude rain or snow melt 
water from intrusion. 

Comment 
Or use site radiological controls manual. 

Routinely accessed spaces may require 
paintinglfixative for contamination 
control. However, painting of spaces 
where access is not expected (e.g. canyon 
cells) should not be done. 

No specific toxic material survey or 
sampling program need be performed. 
However, list dangerous materials left in 
the facility. Spaces where there have 
been contaminating leaks and spills 
should be identified. Comprehensive 
radiological survey maps for the facility 
should be provided as part of the turnover 
package. 
Louvers, pipes, vent pipes, hatches, etc. 

Table 6-9 Nuclear Materials Checklist Items 

End Point /End Point Activity 
Remove Special Nuclear Material (SNM) to meet less than level 
Category IV in accordance with DOE Order 5633.3, Control And 
Accountability Of Nuclear Materials 
All nuclear materials, reactor fuels, high-level waste, contaminated 
liquid wastes, and hazardous chemicals or materialdwastes that are 
stored at the facility shall be removed from the facility, unless 
otherwise agreed. 
Fissile material in glovebox exhaust systems, including ducts and 
plenums, shall be evaluated and removal decisions made in 
accordance with the hazard and the abilitv to stabilize in dace. 

Comment 
The goal is to eliminate the need to 
maintain an SNM inventory. 

Replace Criticality Safety Operating 
Limits (CSOLs) and Nuclear Material 
Safety Limits (NMSLs) with "Exempt 
Fissile Material Only" limits. 

~~ 

Table 6-10 Hazardous Materials Checklist Items 

End Point /End Point Activity 
Collect and dispose of all hazardous materials used for deactivation 
and cleanup work in accordance with established procedures. 
Remove from facility all unattached hazardous material and dispose 
of in accordance with established procedures and applicable 
requirements. 

Comment 

(i.e., lead, mercury, etc.) 
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Table 6-10 Hazardous Materials Checklist Items 

End Point /End Point Activity 

End Point /End Point Activity 
Locate, identify, and quantify all hazardous material which is attached 
and/or contained and cannot be removed without going into a 
decommissioning mode. Record as part of the shutdowddeactivation 
file. 

Comment 

Remove, to the extent possible, all combustible materials. 

Remove non-contaminated spare parts, tools, and supplies. 
Remove for other use, as desired, separable capital equipment not in 
radiological controlled zones. 
Establish and archive records which will be necessary to reactivate 
systemslequipment to be used for decommissioning including 
previous characterization efforts that can support decommissioning. 

Comment 

Must be cost beneficial. 

Include with turnover package. 

Should be limited to loose materials or 
highly flammable materials. For 
example, do not remove electric cable 
only because its insulation is potentially 
burnable. 

Boiler Room 
Entrance Yard 
Hot Machine Shop 

Main Control Room 

No restrictions 
Decontaminate and remove machine 
tools 
S&M route 

Remove non-contaminated office furniture and equiiment. I 

I Remove all classified documents, materials, tools, etc. and downgrade 
security requirements. 
Remove for disposition non-nuclear material that is valuable and 
excess. 

e.g., precious metals, (gold, silver, 
platinum) and other valuable pure 
materials. 

Table 6-12 Space, Room, and Area Disposition After Deactivation 

Identification of Space, Room, 
Cell, Area 

General Status 

~ ~ __ 
Analysis Lab I 

Outbuilding Q 
Samde Gallerv I Contaminated 

I View from outside 

~~ 

Stack Base I S&M route, uncontaminated 
Ventilation Corridor I Contaniinatcd 
Waste Storarre Vault 
Z Cell 1 Contaminated 

Post-deactivation Activity 

Access 

X 

X 
X 

X 
X 

I I X I 
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Table 6-13 System Disposition After Deactivation 

Comment 

De-energize except for 
lighting feeders 
Isolate except for lights 
De-energize except for 
lighting feeders & elevator 

System Status 
Operate and Preserve, Abandon in 

Maintain Mothball Place 
only lighting all other 

only lighting all other 
only lighting all other 

4 kV Busses 

Bridge Crane 

Building X HVAC 
Building Y HVAC - Exhaust 

120 V Circuits 
480 V Busses 

17 
Useful for future X 
decommissioning 

Needed for contamination X 
X 

Building Y HVAC- Supply 
Chilled Water 

control and personnel safety 
X 

Isolate and drain X 
Communications - PA 
Communications - Telephone 

Condensate Storage Tank 
Containment Access Hatch Rails 
and Jacks 
Distilled Water 
Elevator 17 

Fire Main 
Floor drains 

De-energize x 
De-energize - Remove X 
unattached equipment 
Not contaminated X 
Future access anticipated X 
via this route 
Isolate and drain X 
Needed for surveillance X 
access 
Drain and isolate X 

X 
Fuel storage pool Remove fuel, drain and 

apply fixant to surface 
Obsolete - parts hard to find 
Disconnect compressor 

I from header 

Gallery Crane 
Gaseous Radioactive Waste 

X 

X 
X 

Instrument Air I Remove desiccant X 
Liquid Radioactive Waste I Isolate. can X 
Nitric Acid Supply 
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x 
Potable Water I Isolate and drain x 
Radiation Monitoring I De-energize X 
Sanitary drains 
Service Air 
Service Water 
Steam 
Sump Pumping 

Isolate all fixtures x 
Remove compressors x 
Drain and isolate x 
Drain and isolate X 
Ground water inleakage X 
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7. DEACTIVATION WORK PLANS 

Subiects of This Chapter 
An end point process specifies what conditions must be achieved, but not how to do it. Work 
definitions and plans specify what must be done to achieve the end points and how to conduct the 
work. This chapter presents considerations for specifying deactivation work that include: 

0 Grouping End Points 

Work Definition Package 

0 

0 Use of Procedures 

0 Example Work Plan 

Work Plan Prerequisites and Contents 

All sites have work planning and specification methods. The content and terms used here will 
undoubtedly vary fi-om what may be used by others. What is important for purposes here is to 
provide examples that focus on deactivation. They can be adapted to suit each site's methods and 
jargon. 

7.1 End Points Relation to Work Packages 

Combining End Points 
A room or area composed of several contiguous rooms may be subject to several end point task 
types and cases. To the extent practical, they should be accomplished at the same time to 
achieve work efficiency. A single work plan should combine what is to be done in a single 
space, for a single system, or for a logical grouping of physical portions of the facility which it 
makes sense to carry out as a group. That is, many end points can be addressed in a single work 
package. For example, it would not be unusual to have of the order of 1,500 end points specified 
for a facility which can be consolidated into less than 100 work packages. Table 7-1 is an 
example of end point subjects that could be include in a single deactivation work plan. 

Separating End Points 
Contrasted with combining end points, if some activities are to be well separated in time, then 
the work plans should be separated so that completion of one is not held up by a small subset of 
activities. For example, final action such as removing a door to a room for post-deactivation 
ventilation flow routing may be one of the final steps in closing the facility that may occur well 
after the room's internal end points are achieved. It should be in a separate work package. 
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Multiple Work Pakages for a Single End Point 
Another possible situation is that a few major end points, for example, reconfiguration of lighting 
or ventilation, can be substantial projects. In such cases, several work packages may be required 
to accomplish a single end point. 

Table 7-1 Example of End Point Subjects in a Single Work Plan 

Draidflush and isolate tanks. Secure access points and penetrations. 

Electrically disconnect pumps, instrumentation, and motor control centers. Perform zero 
energy checks on primary isolated/disconnected equipment. 

Wash down sump areas to remove excess residual chemicals. 

Draidisolate lines (process and non-process) entering and exiting the building which is 
subject of this work plan. 

Shut down and isolate utilities to the building which is subject of this work plan. 

Seal/secure potential pathways to the environment. 

Drain and isolate safety showers and eye wash stations. 

Remove emergency response equipment, tools and supplies. 

Remove unattached equipment and materials utilized during routine operations. 

Secure and isolate the building from both routine personnel access and animallinsect 
infestation. 

Perform, record, and attach to the signed off work plan a final radiological survey. 

7.2 Work Definition Package 
One deactivation project' has chosen to specify the work to be conducted by means of a 
"Definition Package" (Table 7-2) that provides the hands-on work supervisors with explicit 
descriptions of activities required to achieve the deactivation end points. The purpose is to 
consolidate all requirements for conduct of a given work scope. By combining multiple end 
points for a given physical area, a Definition Package increases project efficiency. 

B-Plant at Hanford. At this writing, implementation is just beginning. Readers who would like a specific example 
should contact the B-Plant management. 
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Table 7-2 Definition Package Content 

1. Definition Package Scope 
0 Workscope 

Work assignment 
0 Responsibilities , interfaces, and reporting requirements not otherwise defined in standard 

procedures and instructions 
Procedures - special deactivation procedures that apply to the work - can also identify 
standard procedures 

Other Definition Packages that must be completed before this one, or that closely 
interface with this work 
Description of essential system(s) interfaces 

Integrated Project Schedule pertaining to endpoints of the definition package 

0 

2. Prerequisites 
0 

0 

3. Schedules 
0 

0 Detailed Resource-Loaded Work Schedule 
4. Budget baseline pertaining to endpoints of the definition package 
5. End Points - descriptions of endpoint conditions required for closure 
6. Preliminary Qualitative Job Hazard Analyses (QJHA) Screening Results 

0 Requirements resulting from the review 
0 Recommendations for conduct of work 
0 Environmental requirements that apply to conduct of work 

7. Preliminary Unreviewed Safety Question (USQ) Review Results 
0 

0 

8. Field Work Team Completion Actions 
0 

0 

0 Reporting requirements for completion 

Requirements resulting from the review 
Recommendations for conduct of work 

Closeout - method for closing each end point 
Deliverables - documentation and other material identified for closure and turnover files 
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7.3 Work Plans 
A work plan is the controlling document for the activities performed during the deactivation of 
its specified space(s) or system(s). The work plan is a one-time procedure. Tasks in a work plan 
may be performed in any order at the judgment of the deactivation work supervisor and approved 
by the cognizant engineer. 

Work Plan Simoff and Document Control 
Some degree of completion signoff should be incorporated in the work plan. Use what is 
customary for the facility, or otherwise what logically makes sense. Signoffs can be used for 
either: a) every item in the work plan, b) groups of items, or c) the whole work plan, depending 
on its complexity. All work plan signoffs must be officially recorded on the master copy. 

If a task must be repeated, additional copies of this work plan will be required to record the 
repeated tasks and to prevent procedural errors, 

Some task supervisors may choose to create a separate work package to direct and record the 
detailed steps. In such cases, a working copy of the work plan is attached to the related job work 
package. Otherwise, if the work plan is the document for elaborating the detailed steps, working 
copies may be used in the field. 

A master controlled copy should be maintained by the Deactivation Team Leader in a central and 
secure location. 

Work Plan Prerequisites 
Prerequisites to putting together a work plan include: 

An informal walk down to identify the required tasks and documentation necessary to 
deactivate and stabilize the specific spaces, systems, and/or tanks that are subject of the 
plan. The work plan template should be used as a checklist for walk downs. 

The detailed end points will have been specified for all cases for the spaces and/or 
systems that are subject of this work plan. 

End point used to establish the work scope and tasks will have been specified. 

Work Plan Contents 
A work plan template should be created for carrying out the end point specifications for the 
facility. The outline in Table 7-3 illustrates such a template. Each facility should create its own 
work plan template appropriate to the deactivation project, the facility characteristics, and 
customary procedures (e.g., who signs for completion and acceptance of results). 
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Table 7-3 Outline for a Work Plan Template I 
I .  Initial Assessment 

0 Conditions not addressed 
0 Salvageable equipment or material 
0 Furniture and supplies 
0 Storage cabinets 

2. House Keeping and Waste 
0 

0 Remove hazardous materials 
0 Identify fixed2 hazardous materials 
0 Remove mixed waste 
0 Identify fixed mixed waste 
0 

0 

0 Stabilize asbestos 
3. Services and Utilities 

House keeping and trash removal 

Decontaminate as specified (radioactive, chemical) 
Identify remaining contaminated locations (radioactive, chemical) 

0 

0 Post-deactivation lighting 
0 Fire suppression system 
0 Isolate utilities 
0 

4. Process Hardware 

Services to remain for external support 

Isolate facility sumps and drains 

Isolate process piping and equipment 0 

0 Safety showers and eyewash 
0 Tank and container heels 

0 Structural deficiencies 
0 Building penetrations 
0 Rodent and vermin control 
0 Window and door glass 

0 Radiation survey 
0 Post-deactivation access 

5. Building 

6. Close-out 

"Fixed" means that the material will not migrate. Fixing can be by structural incorporation (e.& lead shielding), 
covering with a coating (e.g., foam sealant), or as a piece of equipment to heavy to remove (e.g., a closed tank ). 
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7.4 Use of Procedures 
Much of the work should be able to be accomplished with already existing facility procedures. 
Some tasks may require additional recording or supplemental procedures. As an example of 
need for special procedure, clean-out of plutonium contaminated glove boxes may have a 
specified total residual plutonium content as an end point. A special measurement and analysis 
procedure may be required to verify this end point has been met. 

Work which does not require special procedures can start without further elaboration. The 
following list provides examples of plant operating procedures frequently utilized for clean-out 
and deactivation activities. 

Perform Intra-plant General Transfers 

0 

0 

0 

Handle Non-radioactive Hazardous Waste 

Collect and Store Contaminated Laundry 

Perform Spill Response and Cleanup of Hazardous Chemicals 

Load Transuranic and Transuranic Radioactive Mixed Waste into Standard Waste Box 

Handle Transuranic and Transuranic Radioactive Mixed Waste 

0 

0 

0 Dispose of Area Effluents 

Dispose of Emergency Lantern Wet Cell Batteries 

Depressurize and Empty Aerosol Cans 

Package and Ship Low Level Mixed Waste 

Package and Ship Low Level Waste in 4'X4'X8' Plywood Burial Box 

Package and Ship Low Level Waste in 55-gallon Drums 

7.5 Example of a Work Plan 
The work plan specifies how and what must be done to meet the specified end points . The work 
plan is used to carry out the end points specification. 

The topics in Section B. 1 and following provide a shell for a work plan. The assigned individuals 
must determine what is applicable based on the specified end points. It is intended that a written 
statement specify what is to be done for each of these topics that is applicable to the scope of 
each work plan. 

Several examples are included with the topics. They are for illustration purposes and may or 
may not be appropriate to any specific facility or work plan. 
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Signoffs 
Some degree of completion signoff should be incorporated in the work plan. Use what is 
customary for the facility, or otherwise what logically makes sense. Signoffs can be used for 
either: a) every item in the work plan, b) groups of items, or c) the whole work plan, depending 
on its complexity. For purposes here, the single signature example is provided and not included 
elsewhere. 

Example 

Date: 
Deactivation Team Leader Cognizant Engineer 

It is recommended that where a specific topic may not be applicable to a specific work plan, 
rather than deleting it from the work plan, a "NA" signoff be used to provide a record that the 
subject was not overlooked. 

Ex amp le 

N.A. 
Deactivation Team Leader Cognizant Engineer 

Radiolopica1 Hold Points 
Insert a radiological hold point where appropriate for a radiation work permit, or for confirming 
end point conditions. These are generally used to survey prior to starting an activity and/or 
before signing off on completion. 

Example 

***** RADIATION CONTROL HOLD POINT ***** 

Radiation Control Technician perform pre-job survey to determine the radiological status of 
work area and provide job specific RWP3 data. 

RCT4 Initials Date 

Radiation Work Permit 
Radiation Control Technician 
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7.5.1 Initial Assessment 

Conditions not Addressed 
IdentifL current facility conditions or items which will not be addressed during the deactivation 
phase. Specify the as-left state for each item, and specify the reason(s) the item will not be 
addressed. Identify precautions necessary to address these items in the future. 

Example 

Structural evaluations and resulting action might be done on the overall facility as part of 
another work plan or procedure and need not be addressed here. If so, a note to that effect is 
appropriate. 

Salvageable Equipment Or Material 
Identify equipment, materials or supplies which may be salvaged and reused or excessed. 
Quantify and record each item. 

Ex amp le 

None. 

Furniture and Supplies 
Identify for removal office furniture, janitorial supplies and equipment. Excess or dispose of as 
appropriate. Perform removal activities per applicable procedures. 

Storage Cabinets 
Emergency Response Cabinet, Spill Control Cabinet, etc. Identify contents and remove stored 
items. Stage temporary capabilities as required to support work activities. Excess materials or 
remove and dispose of per applicable procedures. 

7.5.2 House Keeping and Waste 

House KeepinP and Trash Removal 
Identify for removal loose, unattached sanitary waste. Identify housekeeping deficiencies. 
Perform removal activities per applicable procedures. 
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Example 

1. 
2. 
3. Other - as needed. 

Remove freon from air conditioner. 
Remove trash cans and all other loose material and equipment in room. 

Remove Hazardous Materials 
Identify for removal loose, unattached hazardous materials, i.e. janitorial, maintenance, and 
operations supplies. Perform removal activities per instructions in applicable procedures (refer 
to facility specific procedure). Identify any unique or specific methods for accomplishing these 
tasks. 

Example 

Remove the shielding pig around RM-W50-1 and dispose of properly. 

Identifv Fixed Hazardous Materials 
Identify fixed, attached hazardous materials. Quantify and record each item. Specify the as-left 
state for each item, and specify the reason(s) the item will not be addressed. Identify precautions 
necessary to address these items in the future. 

Remove Mixed Waste 
Identify for removal loose, unattached mixed wastes, i.e. janitorial, maintenance, and operations 
supplies. Perform removal activities per instructions in applicable procedures (refer to facility 
specific procedure). Identify any unique or specific methods required for accomplishing these 
tasks. 

Identify Fixed Mixed Waste 
Identify fixed, attached radioactive, hazardous materials. Quantify and record each item. 
Specify the as-left state for each item, and specify the reason(s) the item will not be addressed. 
Identify precautions necessary to address these items in the future. 

Stabilize Asbestos 
Identify loose/damaged asbestos. Support/perform removal and stabilization activities per 
instructions in applicable procedures. Identify areas which will not be addressed during the 
deactivation phase. Specify the as-left state for each item, and specify the reason(s) the item will 
not be addressed. Identify precautions necessary to address these items in the future. 
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Example 

1. ***** RADIATION CONTROL POINT ***** Perform survey of insulation prior to 
removal. 

2. Per work package XXX have insulator repair friable asbestos on outside air lines adjacent 
to pole supporting steam and air lines. 

3. Because this area will not be entered for routine S&M no asbestos repair work will be 
needed inside the room. 

7.5.3 Services and Utilities 

Services to Remain for External Support 
Identify electrical, HVAC, utilities, PAX phones, PA system and/or support systems which serve 
other buildings or facilities that must remain in service for post-deactivation S&M. Identify and 
specify each item, include the conditions/requirements for final disconnect and isolation. 

Post-Deactivation LiEhting 
Evaluate needdrequirements for post-deactivation lighting. (Refer to the S&M plan.) Identify 
iotential locations, based on centralized control. Identify isolation/disconnection points for 
innecessary lighting. 

Example 

Is lighting required for S&M? 

[f yes: 
[ndicate the circuit breaker locations that must remain energized to provide the lighting: 

Area/Space/Room Panel Breaker 

[ndicate whether another work plan addresses the electrical/lighting work. 
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Fire Suppression System 
Fire Suppression Systems. Identify locations to drain, disconnect and isolate systems. Estimate 
materials required to perform isolations. Remove portable fire extinguishers. Stage temporary 
capabilities as required to support work activities. 

Isolate Utilities 
Identify locations to draiddisconnect and isolate utilities, such as steam, electricity, compressed 
air, etc. Identify and estimate materials required to perform isolations. 

1. 

Example 

Sanitary water comes through the floor northeast of floor drain. 

Note: Closing valves FH5A and FH7A will shut off water to two fire hydrants and the 291- 
AK tunnel sprinklers. 

a. 

b. 

C. 

d. 

e. 

f. 

g. 

h. 

1. 

Notify fire department before proceeding and determine what is required when the 
supply water to the fire hydrants are shut off. 

Isolate water to 295-A by closing valves 109s and 113s in 8 inch sanitary water line 

Remove water line above 1-1/2 inch water line coming through the floor. Ensure 
that no water is leaking past the isolation valves on 8810-8"-Ul-SW water line. 

Pump water into container fi-om line in ground under building 295-A until about 
three feet of pipe is clear down to first elbow. 

Dispose of water per plant procedures. 

Install expansion plug or some other means of holding grout in place and fill pipe 
with grout. 

Let grout set for as long as required by manufacturers directions and install pipe cap 
on line coming through the floor of 295-A. 

Reopen valves 109s and 113s on sanitary water line 8810 to restore sanitary water 
service to hydrants and tunnel sprays. 

Notify fire department that the fire hydrants are back in service. 

8 8 1 0- 8"-U 1 - S W. 
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Example 

2. Electrical power: 

Note: Final isolation of the electrical feed to the plant will be performed and documented using 
the Engineering Change Notice (ECN) procedure as described in facility's Administration 
Manual. 

a. Per work package xxx and ECN # yyy remove leads from breaker on circuit # 7 
breaker in Distribution panel DA south of 202A and east of 212A. 

b. Tape leads and tag to show identity of leads. 

***** RADIATION CONTROL HOLD POINT ***** 

RCT's perform survey to determine the radiological levels in area where the pipe is located and 
then initiate RWP. 

3. 

Examp 1 e 

Process air: 
a. Southwest of 295-A building is a pole that supports steam and air lines. Locate air 

line feeding 295-A building. It is a 1/2 inch black iron pipe entering ground west of 
pole. 

b. Close valve above "tee" that feeds branch of air line to 295-A. 

***** RADIATION CONTROL HOLD POINT ***** 

RCT's perform survey as pipe is opened. 

c. Disassemble air line to 295-A and put pipe plug in "tee" and pipe cap on air line. 
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Isolate Facility Sumps and Drains 
Evaluate need to isolate/blank facility drain systems. Identify isolation/ disconnection points, 
and state equipment and materials required to accomplish isolation. 

Example 
Install expansion plug into floor drain and fill with grout. 

7.5.4 Process Hardware 

Isolate Process Pipinp and Equipment 
Identify requirements and potential sites for the isolation of process related piping and 
equipment. Identify any unique or specific flush or isolation requirements. Estimate 
equipment/materials required to accomplish isolations. 

Ex amp le 
1. In 295-AZ caisson the auxiliary steam line is blanked at following valves: 

2. In the 295-AZ caisson the 295-A building floor drain and the ASD sample return line 
(common line) is blanked at valve V-180. 

3. In the 295-AZ caisson the caisson sump pump discharge is blanked at valve V-160. 

4. To finish isolating process lines between 295-A building and the 295-AZ caisson: 

V-110 Flow meter FM-W5O-1-1 bypass valve. 

V-120 Flow meter FM-W5O-1-1 isolation valve. 

***** RADIATION CONTROL POINT ***** 
RCT's perform survey to determine the radiological levels on the external surfaces and 
immediate area then initiate RWP. 

a. Remove enough insulation from the sample supply line above where it comes 
through the floor that it may be disassembled. 

b. Disassemble the sample supply line as close to where it comes through the floor as 
possible. 

c. Cap the sample supply line. 

d. Remove enough insulation from the sample return line above where it enters floor 
that it may be disassembled. 

e. Disassemble the sample return line as close to where it comes through the floor as 
possible. 

Cap the sample return line. f. 
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Safety Showers and Eyewash 
Safety Showers and Eyewash stations. Identify locations to drain, disconnect and isolate 
systems. Estimate materials required to perform isolations. Stage temporary capabilities as 
required to support work activities. 

Tank and Container Heels 
Inspect tanks and containers for residual heels. Identify requirements and potential sites for the 
isolation of the tankdcontainers. Identify any unique or specific heel removal, flush, or isolation 
requirements. Estimate equipment/materials required to accomplish these tasks. 

ExamDle 

1. Check sample tank TK-W5O-1 and ensure that it is empty. Drain and dispose of if required 
per plant procedures. 

2. Check sample flush water tank TK-W50-2 and ensure that it is empty. Drain dispose of per 
plant procedures if required. 

7.5.5 Building 

Structural Deficiencies 
Evaluate and identify apparent structural deficiencies, such as sumps, floors, walls, ceilings, 
steps, soffit panels, roof covering, etc. Estimate materials required to correct deficiencies. 
Identify documentation which previously addressed or evaluated these deficiencies. 

Building Penetrations 
Evaluate building penetrations and identify methods for securing or covering. Identify and 
specify each item needing to be addressed. Estimate equipment and materials required to 
accomplish required tasks. 

Ex amp le 

In addition to Rodent and Vermin control, below, apply foam or other sealant around roof 
access hatch seams to prevent storm water from entering building sump. 
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Rodent and Vermin Control 
Evaluate and identify needdrequirements for rodent and vermin control. Identify any unique or 
special proposed control feature by consultation with Animal Control Operations. 

Example 

1. Cover ventilation openings with sheet metal. 

2. Foam or otherwise seal openings through which vermin or rodents could enter building. 

Window and Door Glass 
Examine window and door glass. Evaluate need to remove, cover or replace. Identify and 
specify each item needing to be addressed. Estimate equipment/materials required to accomplish 
required tasks. 

Example 

Install hinged sheet metal cover over door glass on the outside so that visual inspection of the 
room can be conducted without entry. 

I 

7.5.6 Close-out 

Radiation Survev 
Perform a complete radiological survey including dose rates, smearable and fixed contamination 
levels present. Identify areas requiring decontamination efforts. 

1. Conduct betdgamma survey all areas within reach and all tanks and equipment in area. 
Record location, instrument type, and results on survey map. Place standard marker at ten 
distributed survey points per procedure xxx and indicate on survey map which locations 
have markers. 

2. Take smears on areas suspected of surface contamination. Record location on survey map. 
Record results after lab counting and type of counter. 

3. Include results with controlled work package file. 
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Post-Deactivation Access 
Evaluate needrequirement for post-deactivation access. Identify potential hture entry/exit 
points and current access points needing to be secured. Estimate materials required to secure 
these access points. 

Examp le 

1. Install lock hasps on door. 

2. Close door and foam cracks to prevent vermin infestation. 

3. Install deactivation lock on door. 

4. Verify operation of hinged door window cover. 
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8. POST-DEACTIVATION SURVEILLANCE AND MAINTENANCE PLANNING 

Subiects of This Chapter 
Knowing the surveillance and maintenance (S&M) routine that will be conducted after 
deactivation has been complete is one key piece of information for determining the facility end 
points. This chapter addresses: 

Primary Surveillance Concerns 

0 

0 

Dependence of End Points Planning on S&M Planning 

Typical Deactivation S&M Plan Contents 

Example of a Post-Deactivation S&M Plan 

8.1 Dependence of End Points Planning on S&M Planning 
One of the key elements of end point planning is knowing what the post-deactivation S&M 
activities will be so that conditions can be established to support them. The post-deactivation 
S&M plan specifies the surveillance, inspection, and maintenance of the facility in the 
deactivated state. It should address the activities, the locations in which they will be conducted, 
and their frequency. Part of the S&M planning is deciding which spaces must be accessed and 
which equipment must be operated. This should be agreed upon with the organization that will 
receive the facility for subsequent S&M and, where necessary to meet a commitment with 
stakeholder representatives. 

The documents which are the Post-Deactivation S&M Plan and the End Points Description and 
Criteria must developed simultaneously. Conditions will determine the S&M requirements, but 
the cost of meeting certain end point criteria must be balanced against the cost of the S&M. In 
some cases, it may be necessary to perform life-cycle-cost analysis to determine the final end 
point'. The end point criteria and S&M plan are integral. 

It would be imprudent to await a complete, final, detailed S&M plan before end point planning. 
Indeed, in some cases, S&M plans may be constrained by what can be accomplished during 
deactivation. Thus, developing an S&M plan can become an iterative effort with deactivation 
end point planning. However, it is important for purposes of end point planning that a 
preliminary S&M plan be written as soon as possible during deactivation, even if the full details 
cannot be specified. 

Another important reason for early preparation of the S&M plan is that people who have 
operated and maintained the facility have considerable knowledge and are in good position to 
recommend what the activities should be. Thus, developing the plan in the early stages should 
be a cooperative effort between the deactivation organization and the receiving organization. 

~ 

To perform such analyses, the time in S&M must be stated or assumed as well as other parameters; depending on 
the detail to be undertaken for the analyses. 
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Section 8.4 provides a detailed example of a post-deactivation S&M plan for the UO3 facility at 
Hanford. The reader is advised to judiciously use the contents of this chapter. For relatively 
simple, non-contaminated facilities, much of this can be culled. 

8.2 Primary Surveillance Concerns 
Under the presumption that many facilities will be deactivated to a passive state, the primary 
concerns for surveillance are related to: 

1) animal intrusion 

2) structural integrity degradation 

3) water in-leakage 

4) contamination migration 

5) unauthorized personnel entry 
In addition, for facilities where there is intrinsic economic value and for which the ultimate 
disposition is likely to be to commercial or private entities, theft protection becomes important. 
This is not likely to be the case for very old, radioactively contaminated facilities. 

8.3 Typical Deactivation S&M Plan Contents 
The contents of an S&M plan will vary in scope and content from project to project. EM-40's 
Decommissioninn Resource Manual (previously cited) provides considerable guidance on the 
content of a plan. 

Typical contents2 of the post-deactivation S&M plan are: 

Introduction - Define the envelope and buildings in the facility that is subject of the 
S&M plan. Provide a plot plan type sketch or drawing to indicate the scope. Describe 
any unusual situations such as portions of a building that may remain operational and 
managed by a different organization. 

Purpose - Briefly outline the specific objectives of the post-deactivation S&M phase. 
Objectives can relate to contamination control, physical security, hazard isolation, 
preservation of economic assets, and others. The specific types of activities are addressed 
later. The planned level of effort to conduct S&M should be stated - for example, effort 
minimized to the degree feasible, or, in contrast, depends on routine surveillance as part 
of another facility's operations. 

Background (optional) - Appropriate if there is something special that might affect the 
S&M plan. For example, the safety classification of the facility. If a reference to the 
operating background of the facility is to be included, it would be better to rely on other 
documents for this purpose and to refer to them. 

The Decommissioning Resource Manual only deals with the eight topics under "Description of Surveillance and 
Maintenance Activities" and not the rest of the contents listed here. 
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0 Description of Surveillance and Maintenance Activities - This section should address 
the eight areas of surveillance and maintenance listed in the Decommissioning; Resource 
Manual. This is the key part of the S&M plan and is likely to be the most extensive. 
The eight sections are: 

1) Facility Operations 

2) Facility Maintenance 

3) Quality Assurance 

4) Radiological Controls 

5) Hazardous Material Protection 

6) Health and Safety/Emergency Preparedness 

7) Safeguards and Security 

8) Cost and Schedule 

Progress Reporting - The Decommissioning; Resource Manual states the S&M Program 
shall be reported as part of monthly reports, mid-year, and year-end reviews, with the 
pbssibility of an annual report. 

It is recommended that the plan address: 
- Routine completion of scheduled S&M activities. 

- Deviations from the S&M routine, special inspections, or activities conducted 
infrequently. 

- Unusual situations or unsatisfactory conditions. 

Regulatory Compliance - Describe how regulations applicable to the specific facility 
configuration and conditions, as well as any special agreements with the State, are to be 
addressed during post-deactivation S&M mode. 

References - List references that have specifically been used for the post-deactivation 
S&M planning. Do not refer to general documents, such as regulations or DOE orders, 
unless there is some unique aspect of the post-deactivation S&M Program that is a direct 
implementation requirement. 

0 

0 

0 

0 
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8.4 Example of a Post-Deactivation S&M Plan 

U 0 3  FACILITY SURVEILLANCE AND MAINTENANCE PLAN 

I. Introduction 
This document describes the surveillance and maintenance (S&M) plan for the U03 Plant after 
deactivation is complete, up to the initiation of decommissioning. The S&M activities will be 
integrated into the decommissioning work and phase out as decommissioning is completed. The 
plan was prepared in accordance with the guidelines provided by EM-403. A graded approach 
was used to determine which elements of the various DOE orders apply to the U03 Plant during 
the S&M period. Since the U03 Plant has been reclassified from a nuclear facility to an 
industrial facility and will be unoccupied, many of the elements do not apply. 

The S&M plan includes the following sections: 

0 Introduction 

Background 

Purpose 

Transition Activities 

Costs and Schedule 

Progress Reports 

Description of Surveillance and Maintenance Activities 

The U03 Facility is shown in Figure 1 (in original, not included in this handbook) and for the 
purpose of this S&M plan is defined as follows: 

The 224-U building, 224-UA building, 272-U building, 2715-U, 2715-UA, 2716-U, 203- 
U, 203-UX, UNH truck pad, the waste shed, six 100,000 gallon tanks in the 21 1-U tank 
farm, 21 1-U 307 Pump Pit, 21 1-U Acid Loading Station, the 207-U Retention Basin, and 
207-U Sample Shack. 

The 2714-U building and T-hopper storage pad which were part of the U03 Facility when it 
operated will not be transferred to the EM-40 program until later since the U03 powder from 
previous campaigns is still stored in T-hoppers on the pad and depleted U03 from previous 
campaigns is stored in drums inside the 2714-U building. This area will be deactivated and 
transferred to EM-40 later along with the PUREX Plant. 

Per EM-40 Guidance Document for D&D, Draft 3, dated Januarv 14, 1994 which has since been issued as 
Environmental Management Decommissioning Resource Manual. 
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Figure - U03 Site Map 
(Not included in End Points Handbook) 

11. Purpose - 

The purpose of this S&M plan is to describe the S&M program for the U03 Facility from the 
time that deactivation is complete up to initiation of decommissioning. The S&M program will 
be phased into operational activities when decommissioning begins. The S&M plan may need to 
be upgraded as preparations are made for decommissioning. 

The number of people that have access to the facility will be kept to a minimum during S&M. 
This minimizes the safety requirements that must be met for the facility which in turn minimizes 
the cost of the S&M program. 

Specific objectives of the S&M program for the U03 facility are as follows: 

1) Ensure adequate containment of contamination 

2) Provide physical safety and security control 

3) Maintain the facility in a manner that will minimize potential hazards to the public. 

4) Provide a mechanism for the identification and compliance with applicable 
environmental, safety, and health requirements. 

111. Backmound - 

The U03 Plant was used to convert uranyl nitrate hexahydrate solution from the PUREX Plant 
into a solid U03 powder. The U03 Plant processing schedule was determined by the PUREX 
uranium product inventory buildup. The last operating campaign was completed in June, 1993. 
Deactivation of the facility began as soon as the campaign was finished in preparation for 
transfer from the DOE EM-60 program to the EM-40 program. At that time, surveillance and 
maintenance responsibilities for the U03 Plant will be transferred from Westinghouse Hanford 
Corporation (WHC) to Bechtel Hanford Incorporated (BHI). 

The purpose of the deactivation project was to establish a passively safe and environmentally 
secure configuration for the U03 Facility and preserve that configuration for a ten year horizon. 
When deactivation is completed, the plant will be unoccupied, empty of portable equipment and 
furniture, and locked. 

A hazards classification evaluation was done for the U03 Facility in a deactivated state. The 
evaluation determined that the facility can be reclassified from a nuclear facility to an "other 
industrial facility" with no hazardous waste activities when deactivation is completed. The 
determination was based on the fact that nearly all radioactive material and hazardous materials 
have been removed. The hazards classification evaluation was done per DOE-EM-STD-5502- 
94, Hazard Baseline Documentation, and reported in WHC-SD-CP-HC-004, U03 Building 
Hazards Classification - Deactivated State. The U03 Plant Final Safety Analysis Report, SD- 
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CP-SAR-002, will be archived when deactivation is completed since an FSAR is not needed for 
industrial facilities. 

During deactivation, the U03 Facility was stabilized so that when it is transferred to the EM-40 
program, only a minimal effort would be required for S&M activities. All process equipment, 
instrumentation, and HVAC systems in the U03 Facility were shut down. During S&M, the 
buildings will be unoccupied and there will be only quarterly monitoring of the facility condition. 
The building doors and the gates in the perimeter fence will be locked to limit access. The 
facility will be entered only for quarterly surveillance or to correct deficiencies identified during 
the surveillance entries. 

The following activities have been completed to isolate source material and mitigate 
contamination migration: 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

Process ventilation stacks were isolated (capped or blanked). 

All water sources have been isolated to the individual buildings. The main underground 
headers will be blanked after facility transfer to ensure no in-leakage occurs. 

Heating, Ventilation and Air Conditioning (HVAC) have been sealed to reduce the 
potential migration of contamination and to keep water and small animals out. 

Miscellaneous wall penetrations were sealed. 

Electrical power was disconnected and in the case of 224-U and 224-UA, lighting was 
installed or modified to allow safe performance of the surveillance. 

All drains to the sanitary sewer were sealed thus isolating the buildings from the sanitary 
sewer. 

The main incoming steam to the U03 facility has been shut off and the main isolation 
valve 1ocWtagged closed. KEH Utilities will remove the valve during the scheduled 
spring outage. This valve removal has been added to the Post-Transition Punchlist. 

All sumps and floor drains were sealed and either plugged or grouted. 

The trench that runs from 224-UA to 224-U (C-cell) was tied into the 207-U retention 
basin pipe for routing of storm water buildup from the backside contamination zone areas 
to the 207-U basins for solar evaporation. 

All sinks and toilets were removed and sealed. 

Blind flanges and blanks were used to isolate pipes containing U03 powder from the 
process system. 

The cover plates on the 203-U enclosure trench were replaced with grating to assist in 
evaporation of storm water. 

All ''no access" doors and large roll up type doors were sealed using an expansion foam. 

Door sweeps were repaired and/or verified to be in good condition to minimize potential 
vermin infestation. 
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IV. Transition Activities 
The U03 Facility will be officially transferred from the DOE EM-60 program to the EM-40 
program by a Memorandum of Agreement. The U03 facility will be accepted Itas is" by EM-40 
except for a few elements of the deactivation endpoint criteria that have not been met at the time 
of transfer. These items have been placed on a punchlist and will be finished after deactivation is 
complete using EM-60 funding. The details of how the work will be completed will be 
addressed in the Memorandum of Agreement. 

Endpoint criteria for deactivation activities have been defined in WHC-SD-WM-TPP-052, 
Deactivation End Point Criteria. Documentation that the endpoint criteria have been met is 
provided by the signatures on endpoint criteria tracking sheets. The tracking sheets have been 
signed by both the U03 Plant Deactivation Management (WHC) and Decommissioning Projects, 
Inactive Facilities Surveillance and Maintenance (BHI). 

Post-Transition Punchlist items from the endpoint criteria will be completed after facility transfer 
using EM-60 funding. The items are listed below and described briefly in the paragraphs that 
follow. 

1) Closure of QUEST item TTA-90-0000-A/BMPF-8. 

2) Application of a sealant to the 224-UA building roof to verify the building structural 
integrity for a minimum of five years. 

3) Removal of dangerous and mixed waste drums from the 90-day waste storage pad. 

4) Isolation of the main raw and sanitary water headers to the U03 Plant at the most 
consolidated point upstream from the facilities and drain lines. 

5) Isolation of steam at the most consolidated point upstream from the facilities and drain 
lines. 

6) Supply lighting electrical supply drawings as part of the turnover package. 

7) Complete TPA milestone M-80-00-T02. This milestone requires the facility to be 
deactivated and transferred to EM-40. 

All QUEST items have been closed except item TTA-90-0000-AIBMPF-8. The DOE is required 
to verify closure of this item. 

The roofs of buildings 224-U, 224-UA7 and 272-U were inspected during 1994 and the 272-U 
roof was coated with weather tight sealant as recommended after the inspection. Application of 
sealant to the 224-UA roof was also recommended, but it was not finished before deactivation 
was completed since the sealant cannot be applied in cold weather. Roof repairs will be 
completed in the spring of 1995 (funded by EM-60). 

Radioactive mixed waste was generated at the U03 Plant from decontamination work on the 
loadout pads right up to completion of deactivation. The waste drums containing paint residues 
from the loadout pads and some containing oil must be sampled and the waste characterized 
before the drums can be shipped from U03 Plant. A few drums of radioactive mixed waste may 
still be on the 90-day storage pad when deactivation is complete. WHC personnel will retain 

8-7 



responsibility for inspection, characterization, and shipment of the waste drums using EM-60 
funding. 

The raw water and sanitary water supplies to the 224-U, 224-UA and 272-U buildings were 
isolated outside the buildings as deactivation proceeded. However, blanking of the main supply 
header to the U03 facility will not be completed until later since water is needed until 
deactivation activities are nearly completed. Permanent isolation of the raw water headers to the 
U03 Facility requires excavation down to the buried headers and installation of blanks at a 
number of locations. This work will not be finished until after deactivation is completed due to 
the magnitude of the effort involved and the possibility that the work will be slowed by 
inclement weather. This work will be completed in the first half of CY-95 using EM-60 funding. 

The main incoming steam isolation valve to the U03 facility has been locked closed (with 
vent/drain lines open downstream). Kaiser Engineers Hanford (KEH) Utilities will remove the 
valve and install blind flanges during the 200 West area steam outage scheduled for the spring of 
1995. 

Electrical lighting field work is complete, however the applicable drawings have not been 
updated to reflect current configuration. This will be done after deactivation is completed. 

Historical records for the U03 Facility will be turned over to BHI at the time of facility transfer. 
These records will be stored by BHI for reference during both the S&M period and when 
decommissioning activities begin. These records will include the following as a minimum: 

Endpoint criteria tracking sheets 

Deactivation work plans 

Deactivation log books 

Final radiation surveys 

Unusual Occurrence Reports 

Essential and general drawings of the facility 

Correspondence and backup infomation to support the endpoint criteria completion 

S&M procedure 

Safety analysis documentation 

Facility emergency plan information 

Chemical/hazardous substance inventory 

Fire hazards analysis 

Final inventory of special nuclear material 
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V. Description of Surveillance and Maintenance Activities 
This section describes the surveillance and maintenance activities for the U03 Facility. It is 
divided into the eight areas of surveillance and maintenance that are outlined in the DOE EM-40 
Decommissioning Resource Manual. 

A. Facility Operations 
During the S&M period, the U03 plant will comply with the applicable sections of the DOE 
order for S&M of inactive DOE Facilities. Surveillance activities at the U03 Plant will be 
conducted in accordance with WHC-CM-6-8, Hanford Restoration Operations Administration, 
Section 1.1 , "Surveillance and Maintenance" (or equivalent BHI procedure). 

All operating equipment inside the U03 plant perimeter fence will be shut down by the time 
deactivation is completed. Facility operations will be limited to the following activities: 

General housekeeping activities 

Environmental monitoring of the 207-U Basin area 

Quarterly entries into the yard areas and the 224-U and 224-UA buildings for surveillance 

The 207-U basins collect runoff from the roofs of the 224-U and 224-UA buildings and adjacent 
concrete pads. The outlets from the basins have been isolated and the accumulated water will be 
allowed to evaporate. The Operational Environmental Monitoring Program (OEMP) will 
continue to monitor the air and soil in the vicinity of the basins. This is done to show 
compliance with the National Emission Standards for Hazardous Air Pollutants (NESHAP) 
requirements for monitoring and estimation of emissions from diffuse and fugitive sources. The 
monitoring will be done using the existing equipment and is funded by the current environmental 
monitoring program. 

The quarterly surveillance entries of the U03 Facility will consist of a walk-through of the yard 
areas, building 224-U, and building 224-UA to check for any indication of structural defects, 
roof deterioration, posting deficiencies, water intrusion, animal or insect intrusion, hazardous 
conditions or unlabeled containers. Entries into the process cells will require a minimum of three 
people including one health physics technician. The S&M procedure will provide direction for 
the surveillance entries and include data sheets to document observations. 

General housekeeping activities including tumbleweed removal and sand cleanup from outdoor 
contamination areas will be required during the S&M period. 

B. Facility Maintenance 
Since the deactivated U03 Facility has been reclassified from a nuclear facility to an industrial 
facility, a Maintenance Implementation Plan is not required by the DOE Order 4330.4A. 
Maintenance activities will be covered by the maintenance program described in WHC-CM-6-8, 
Section 1.1 , "Surveillance and Maintenance", or the BHI equivalent. 

Since there will be no operating process equipment or HVAC system at the U03 Facility, very 
little routine maintenance will be required. The only electrical equipment that will be maintained 

8-9 



is the lighting circuits in the 224-U and 224-UA buildings, The power to the lighting circuits 
will only be switched on for surveillance entries. Defective light bulbs will be replaced during 
surveillance entries. Repairs to the lighting circuitry will be made when necessary. 

Periodic inspections for roof and structural integrity will be the most frequent maintenance 
activity. 

The roofs of buildings 224-U, 224-UA7 and 272-U were inspected by a structural assessments 
senior engineer on September 9, 1994. The following actions were recommended: 

1) Re-inspect the 224-U roof at an interval of four years. 

2) Re-inspect the 224-UA roof at an interval of one year. 

3) Re-inspect the 272-U roof at an interval of two years. 

4) Seal the roofs of the 224-UA and 272-U buildings with an elastomer protective barrier to 
prevent in-leakage. 

5) Perform an annual membrane inspection on the 224-U building. 

6) Provide additional sealing material to all the pitch pans on the 224-U building roof to 

Items 1,2, 3, and 5 are included in the surveillance and maintenance (S&M) procedure. The 
roofs of the 272-U and 224-UA buildings have been (or will be) sealed with an elastomer 
protective barrier as recommended in Item 4. If application of the protective barrier is not 
completed at the time of facility transfer, it will be completed in the spring of 1995 using EM-60 
fimding. Item 6 was completed as part of deactivation. 

In addition to the roof inspections, structural assessments will be performed on the 224-U, 224- 
UA, and 272-U buildings every five years as recommended by the structural assessments senior 
engineer. 

Roof repairs or replacement approximately every 20 years is the largest maintenance activity 
anticipated. Building demolition will be evaluated as an alternative to roof repairs. 

prevent in-leakage. 

C. Oualitv Assurance 
The U03 Plant will be included in the quality assurance program described in WHC-CM-6-8, 
Section 2.0 "Hanford Restoration Quality Assurance Program Plan", or the BHI equivalent. 

D. RadioloPical Controls 
During the S&M period, the U03 plant will comply with the applicable sections of DOE Order 
5480.1 1 , Radiation Protection for Occupational Workers. Radiological control activities will be 
conducted as described in HSRCM-1 Hanford Site Radiological Control Program, WHC-CM- 1-6 
Radiological Control Program, WHC-CM-4-11, ALARA Program, or the BHI equivalent to 
these documents. 

The following paragraphs describe how specific elements of radiological control will be 
implemented at the U03 Facility during the S&M period. 
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D.l External and Internal Radiation Exposure Control and Dosimetry 
Radiological conditions at the U03 Plant will be assessed and Radiation Work Permits prepared 
prior to each quarterly surveillance entry. The radiation work permit will specify protective 
clothing, respiratory protection requirements, and the activities that are permitted during the 
surveillance entry. 

D.2 Air Monitoring 
A program has been established to monitor radon levels inside the 224-U and 224-UA buildings. 
For each quarterly surveillance entry, Radiological Protection personnel will enter the area to 
collect the radon monitors. The information from the monitors along with contamination smears 
will be used to determine the respiratory protection and clothing requirements. 

D.3 Radioloyical Monitorinrr and Contamination Control 
Health Physics Technicians will assess the radiological conditions in the U03 Facility for each 
quarterly entry as described earlier. They will also accompany surveillance personnel on the 
quarterly surveillance walk-thlrough of radiation zones to monitor radiological conditions and to 
check for the spread of contarnination. During these surveillance entries, personnel will check 
for evidence of animal or insect intrusion which may result in contamination spread. 

D.4 Radiological Protection Record Keeping 
Historical radiation survey data and other radiological records will be turned over to BHI at the 
time of facility transfer. These records will be stored by BHI for reference during both the S&M 
period and when decommissioning activities begin. 

D.5 Radiological Area Boundaries, Postings, and Controls 
Radiological area boundaries are posted and controlled at the U03 Facility as required by the 
above listed documents. The postings will be checked during the quarterly surveillance entries. 
There are no fissile materials present in the U03 Facility, nor any high or very high radiation 
areas. 

E. Hazardous Material Protection 
All hazardous waste was removed from the U03 Facility during deactivation or will be removed 
within 90 days following generation and staging on the 90-day pad. The following hazardous 
materials will remain at the U03 Facility during the S&M period: 

Mercury switches and lead/silver solder that are part of instrumentation in the control 
room, switchgear room and other locations. All visible mercury switches have been 
removed, but others remain inside equipment. 

Solidified uranyl nitrate hexahydrate in the drain lines from the ED-6 concentrator and 
TK-X- 19 (no more than 15 gallons). 

Dioctyl phthalate (DOP) contamination in the HEPA filters left in the 224-UA loadout 
room and on the 224-UA roof. 
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0 Approximately 2 liters of solidified UNH in the concrete-lined 203-U riser pit (30 feet 
below grade). 

Potential PCB or DOP bearing ballasts in the remaining light fixtures. 

Asbestos insulation on piping and vessels. 

0 

The abandoned 270-W tank located under the 2715-UA building will remain as is. The tank 
contents, if any, are unknown at this time. The WHC Tank Waste Remediation organization has 
taken responsibility for this tank and will perform a safety investigation and assessment in the 
future. Tank 

Waste Remediation Support (WHC) and EM-40 will need a separate agreement for access and 
work control associated with investigation of the 270-W tank contents. 

The hazardous wastes described above will remain in the U03 Facility through the S&M period. 
The wastes will be identified in WHC-SD-DD-HIE-002, Hanford Surplus Facilities Hazards 
Identification Document, or the BHI equivalent. During the quarterly surveillance entry, 
personnel will check for friable asbestos, unidentifiedhnlabeled containers, and suspect 
hazardous materials. 

F. Health and Safety/Emergency Preparedness 
A hazards assessment was conducted to determine the need for emergency planning at the U03  
Facility per DOE Order 5500.3A. The hazards assessment was reported in WHC-SD-PRP-HA- 
001, Rev. 2, U03  Plant Hazard Assessment. The assessment concluded that there is negligible 
risk to people outside the facility from the residual material at the U03 Facility. Nearly all 
radioactive materials and hazardous materials have been removed. However, the T-hopper 
powder storage (which will not be transferred to the EM-40 program until later) can threaten the 
safety of personnel at the deactivated U03 Plant and at U Plant. 

Since the U03 Facility will not be occupied and the residual material in the facility presents 
negligible risk to people outside, an emergency plan is not required. 

A fire hazard analysis (FHA) was completed for the U03 Facility per DOE Order 5480.7A7 Fire 
Protection. The FHA, WHC-SD-WM-FHA-003, Fire Hazards Analysis for the Uranium Oxide 
Ju03) Facility, concluded that all fire suppression and alarm systems could be deactivated. All 
known fire hazards and substantial amounts of combustible materials have been removed from 
the facility. Two fire hydrants located on opposite sides of the building complex provide 
adequate fire protection water supply to the facility. 

During the quarterly surveillance entry, personnel will check for excess combustible materials, 
electrical hazards, occupational hazards, and housekeeping deficiencies. 

G. Safeguards and Security 
Since the deactivated U03 Facility no longer has accountable quantities of SNM, vital 
equipment, or classified information, DOE Order 5632.2AY Physical Protection of Special 
Nuclear Material and Vital Equipment and DOE Order 5480.5 Safety of Nuclear Facilities do not 

8-12 



apply to the U03 facility during S&M. It has been reclassified from a Nuclear Facility to the 
"Other Industrial Facilities" category. However, access to the facility will be controlled to 
prevent radiation exposure or injury to personnel. 

Access to the fenced areas and buildings of the U03 facility will be controlled by BHI 
Decommissioning Projects, Inactive Facilities, which will have possession of the security keys to 
unlock gates and doors. Access will be limited to personnel who have current training or are 
escorted by trained personnel. Access Control for the U03 Plant and other surplus facilities is 
described in WHC-CM-6-8, Hanford Restoration Operations Administration, Section 1.3, 
"Surplus Facilities Access Control" or BHI equivalent. 

Physical access control to buildings 224-U, 224-UA, 272-U, nearby smaller buildings and the 
adjacent yard area at the U03 Plant is provided by a 8' high chain link fence topped by 3 strands 
of barbed wire. Vehicle access gates are located in the SW and NE sides of the perimeter fence. 
A pedestrian gate is located near the west corner. All of the gates in the perimeter fence will be 
locked when the U03 Facility deactivation is completed. The doors to all the buildings inside 
the fence will also be locked or sealed to provide additional access control. 

The 2 1 1 -U tank farm is cordoned off with magenta and yellow chain with applicable radiological 
status postings, but is not fenced. There are no intrusion a l m s  at any of the U03 Facilities. 

There will not be any routine security patrols within the perimeter fences of the U03 facility. 
Hanford Patrol will continue to provide routine security patrols in the vicinity as part of their 
patrols throughout the 200 West area. 

H. Cost and Schedule 
A brief description and work breakdown structure for the U03 Facility surveillance and 
maintenance activities are given below. The air and soil monitoring around the 207-U basins is 
not included in the cost breakdown because it is not funded out of the Surplus Facilities budget. 
The Post-Transition Punchlist activities that will be finished after facility deactivation is 
completed also are not included since those activities are part of the PUREX/U03 Deactivation 
Project. That work will be funded by the deactivation project except for the steam valve removal 
which is part of a planned steam valve replacement. 

The U03 Facility surveillance and maintenance work will be funded by the EM-60 program 
through FY-95. Starting in FY-96, it will become part of the EM-40 program. 

Four surveillance entries will be made each year on a quarterly basis beginning in February, 
1995. 

Surveillance Entries (4) 

Man-hours Est. Annual Cost ($) 
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Operations 
Engineering 
Health Physics Tech 
Contingency @ 20% 
Subtotal 

160 hrs 9,600 
80 hrs 4,800 

160 hrs 9,600 
4,800 

28,800 

Remove potentially contaminated tumbleweeds 10,000 

TOTAL ANNUAL COST 

VI. Progress Reports 
Progress and results of the S&M program will be reported to DOE as part of the monthly reports, 
and the mid-year and year-end reviews. 

VII. References 
WHC-SD-CP-HC-004, U03 Building Hazards Classification - Deactivated State, E. N. Dodd 111, 
(draft). 

WHC-SD-WM-TPP-052, U03 Deactivation End Point Criteria, L. D. Stefanski, September 7 ,  
1994. 

WHC-CM-6-8, Hanford Restoration Operations Administration, Sections 1.1, 1.3, and 2.0. 

WHC-SD-PRP-HA-001, Rev. 2, U03 Plant Hazard Assessment, L. R. Campbell (draft) 

WHC-SD-WM-FHA-003, Fire Hazards Analysis for the Uranium Oxide (U03) Facility, D. M. 
Watt (draft). 

8-14 



8-1 



9. DEACTIVATION PRACTICES 

Subiects of This Chapter 
The material here is a variety of examples, criteria, and methods that have resulted fi-om 
successful experience in carrying out deactivation type activities. The purpose of this chapter is 
to provide this experience for gaining insights or as starting points by others who must conduct 
similar tasks. 

In various examples, organization specific procedures and facility specific equipment designation 
has been left as is to make the examples readable, even though they may not have meaning to the 
reader. It was felt that if the discussions were to be generalized, the value of the examples would 
be diminished. No attempt has been made to force all items to have the same format and content. 

At this writing, the examples are based primarily on experience at the U 0 3  and PUREX 
Facilities at Hanford because that is the origin of the hierarchical end points specification 
method. Additional examples are needed. The primary criteria for inclusion of additional 
examples in this handbook is that they represent what has worked successfully or are in the 
process of implementation. That is, hypothetical constructs and concepts without demonstrated 
success should be tested first. 

The list of subjects here is by no means all inclusive. Additional subjects should be added as 
useful experience is accumulated. 

9.1 Administrative and Paper Processes 

9.1.1 Retaining and Archiving Records 
Some information at the completion of deactivation should be preserved for purposes of follow 
on surveillance and maintenance, future decommissioning activities startup, and other unforeseen 
possibilities. 

Two related, but slightly different, subjects that need to be addressed by the deactivation project 
are: 1) archiving, and 2) turnover. 

Definition 
A llrecord" consists of "books, papers, maps, photographs, machine-readable material, or 
other documentary materials, regardless of physical forrn or characteristics, made or received 
by an agency of the United States Government under federal law or in connection with the 
transaction of public business and preserved, or appropriate for preservation, by that agency 
or its legitimate successor as evidence of the organization, functions, policies, decisions, 
procedures, operations, or other activities of the government or because of the informational 
value of the data in them." (44 U.S.C., 3301) 
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A lesson learned from deactivation is that it is necessary to start early on the records assembly (in 
a central location), turnover, and archiving activities, since the number of knowledgeable and 
experienced personnel assigned to the facility will decrease rapidly as the deactivation date 
approaches. 

Archiving Records 
Certain plant records not turned over to the post-deactivation S&M contractor will be archived at 
a Federal Records Center (Seattle, in the case of Hanford). Other records may be discarded. The 
DOE contract specific to each site will outline the exact requirements and types of records to be 
archived. DOE Order 1 324.2A1, "Records Disposition," the General Records Schedule (GRS) 
published by the National Archives and Records Administration (NARA), and, at Hanford, the 
site's "Document Control and Records Management Manual" (WHC-CM-3-5) were the 
governing directives for disposition of records that would not be turned over to the S&M 
contractor. 

Turnover of Information 
Each facility being deactivated will have its own unique set of information that will need to be 
retained and turned over for possible use by the S&M contractor or other receiver of the facility. 
The turnover file will contain the compilation of important information to support S&M and 
future decommissioning. (Also, see Chapter 4.) 

U 0 3  Example - Archiving Records 
In general, U03 plant records to be archived at the Federal Records Center fell into three 
categories: 

1. Quality Records furnished evidence of the quality of items and/or activities affecting 
quality, such as, Safety Analysis Reports (SARs), Operational Safety Reviews (OSR), 
Quality Assurance/Quality Control (QA/QC) records, Material Control and 
Accountability (MC&A) records, personnel radiation exposure records, etc. 

2. Data sheets, log sheets and record books provided a historical record of operations- and 
maintenance-related activities and developments, processing campaigns, effluent 
discharges, etc., at the plant throughout its lifetime. 

Since this work was done, DOE Order 1324.2A, has been canceled by DOE Order 1324.5B, Records Management 
Program on 1/12/95. 1324.5B does not address records archiving (or any other type of records disposition). As a 
replacement, the Information Management office of DOE-HQ is preparing a Guide to Records Maintenance and 
Disposition, which is in the comment resolution stage and expected to be issued by the end of CY95. It advises 
the sites to determine what to do with records and to use the local Federal Records Center for archiving when 
appropriate to do so. 
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3. Environmental records, such as, Environmental Impact Statements, Environmental 
Assessments, regulatory agency agreements, permit documentation, environmental 
monitoring equipment installations and calibrations, etc. 

U 0 3  Example - Turnover Information 
For the deactivated U03 plant, information designated for turnover was identified in a site 
configuration management directive. These included: 

Facility safety analyses and authorization basis documents 

Vital records providing plant emergency procedures that reflected the deactivated status 

A record of blanks that were installed and remained after facility system deactivation 

Deactivation check sheets 

Deactivation log books and reports 

Descriptions of inaccessible areas and the reasons therefor 

Detailed drawings of operating systems, structures, and components (SSC) 

Detailed drawings, or sufficiently descriptive text documents, for deactivated SSCs 

Documents required by law or regulation 

Documents that attested to the removal of hazardous materials from the facility 

Facility permits applicable to post-deactivation S&M 

Final radiological and toxicological status surveys 

Identification of all hazardous material that remained in the facility at turnover 

List of operating equipment 

List of SSCs requiring S&M 

Operations and maintenance procedures and records for operating equipment 

Elevator deactivation, load tests, and maintenance records (as applicable) 

Records of crane load tests and maintenance records (as applicable) 

Records of zero energy checks on deenergized electrical circuits 

Vendor information to support any operating SSCs 

Computer software and related documents used to support facility deactivation 

9-3 



9.1.2 Cost-Benefit Evaluations to Choose Among Deactivation End Points 
Some type of cost-benefit evaluation is used to decide what an end point should be based on the 
cost to achieve it compared with the benefit to be gained for S&M effort or safety, or for 
achieving a stable condition2. As shown by the following three examples of minimal, medium, 
and maximum evaluations, they can range from very informal to very formal. For the latter two, 
when the evaluation will substantially affect post-deactivation S&M or decommissioning, the 
organization responsible for post-deactivation management of the facility should participate. 

Minimal Effort Example of Cost-Benefit Evaluation 
Generally, when the cost differential among alternatives is in the range of $25,000 or less, accept 
the judgment of the engineer responsible for specifying end points. This can be used in a large 
number of cases where circumstances are similar to other end point specifications, an overall 
approach to deactivation has been decided, and/or the post-deactivation S&M requirements are 
such that nothing needs to be done for a system or space to prepare for post-deactivation S&M. 

Medium Effort Example for Cost-Benefit Evaluation 
Use when the best choice is not clear and cost exposure is less than $250,000. Estimate and 
tabulate the following for each choice: 

1. Capital costs for modifications including hardware and labor to achieve the conditions 

2. Operating labor cost to achieve the conditions 

3. Post-deactivation S&M labor for 10 years 
Even though the estimate is over 10 years, do not convert the values to time-based worth of 
money. Sum the results and double the estimate to account for overhead and indirects. List the 
advantages and disadvantages of each choice and the main consideration for deciding. With this 
information, make a recommendation and discuss with management. Revise tabulations if 
appropriate. Come to a conclusion and proceed. Document the decision in a brief memo and 
attach the tabulations and list. 

Maximum Effort Example for Cost-Benefit Evaluation 
Describe each alternative. Do an engineering evaluation of each alternative. Where necessary, 
prepare sketches for each concept. Obtain vendor quotes for significant procurements. Prepare a 
conceptual schedule with major activities identified. Do the medium level activities (above) 
using an order of magnitude cost estimate with independent review. With each concept, compare 
the following to the extent that they characterize the tradeoffs among alternatives: 

Many other factors, such as ALARA, risk reduction, etc. go into decision making, either implicitly or explicitly. 
For purposes here, they are listed only in the most comprehensive method. 
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0 costs 

- Capital costs for modifications including hardware and labor to achieve the conditions 

- Operating labor cost to achieve the conditions 

- Post-deactivation S&M labor for 10 years 

Safety or risk issues, risk reduction benefits 

0 ALARA considerations 

0 

0 Stakeholder considerations 

Ease or difficulty of post-deactivation S&M 

Impact on overall deactivation schedule 

Policy issues that must be resolved 

0 Likelihood of becoming entangled in politics 

If local experience is lacking, or greater confidence is desired, obtain expert advice from 
experience individuals to participate in deriving or to review the conclusions and 
recommendations. If many persons are to be involved in the decision, prepare a working report. 

9.2 General Cleanup 

9.2.1 Housekeeping 
The concept here is to minimize the remaining "loose junk'' left in the facility after deactivation. 
A reasonable best effort should be applied. This includes removal of desks, chairs, vending 
machines, stoves etc. While these types of items may have resale or scrap value, the primary 
motivation is to remove items that either are potential tripping and bumping hazards for 
surveillance worker, or may become contaminated with minor migration. The cost of disposal of 
contaminated items may become more expensive with time. 

Housekeeping from a standpoint of sweeping or mopping floors one last time should not 
necessary. However, realize that sand, dirt etc. could become a means for contamination 
migration. 

U 0 3  Example 
Housekeeping routines for facilities being deactivated at Hanford were not much different from 
those for an operating facility. The principal objectives were to minimize hazards, to reuse 
serviceable equipment, to facilitate post-deactivation S&M, and to reduce downstream 
complications for the decommissioning contractor. At the U03 plant, the deactivation 
housekeeping philosophy was two-pronged: 
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1. If something wasn't needed, it was disposed of without delay, because it would cost more 
to dispose of it later. 

2. If something was easily removable -- defined as "capable of being picked up without 
tools"-- it was removed, either to be reused or to be discarded as waste. 

Examples of reusable items removed from the U03 plant included uncontaminated tools, 
Jumpers3, telephones, status boards, a refrigerator, and a stove. 

Housekeeping in a contaminated facility, such as the U03 plant, posed the additional constraints 
of proper waste packaging and disposal, along with their attendant costs. Therefore, 
contaminated trash and some articles were removed, however, there was no general 
decontamination of contaminated surfaces. 

9.3 Decontamination 
With respect to a facility's internally or externally contaminated surfaces, decisions will have to 
be made concerning appropriate decontamination efforts, including flushing, if any, prior to 
deactivation. A tradeoff point can be projected at which decontamination efforts would result in 
rapidly escalating decontamination waste products control, collection, packaging, and disposal 
costs. 

An additional consideration is the end point of the decontamination effort. Unless there is a 
requirement to achieve free release, decontamination tasks need to have very clear reasons stated 
which is in support of either other deactivation work or post-deactivation S&M activities. 

9.3.1 Flush Surface Areas 
Decisions to decontaminate areas by flushing will depend on the hazard represented to post- 
deactivation S&M workers and possibly to future decontamination workers. This must be 
carefully considered. Because of natural decay, radiation exposure for such actions can only be 
more during deactivation than that to which decommissioning workers will be subjected -- unless 
there are some other factors at work, such as deterioration of a physical structure or the need to 
take advantage of the knowledge of the operations staff. 

PUREX Lesson 
The original deactivation plan for PUREX called for three "canyon flushes'' which required about 
a year of schedule and would generate substantial quantities of flush water to be processed. The 
original rationale was that "the flush nozzles were there, so why not." The aim was to remove 
radioactive contamination. 

PUREX staff revisited this decision because there was no quarterly access planned for the 
canyon areas during post-deactivation S&M. In addition, it was difficult to first establish an 

"jumpers" refers to removable sections of piping that connect process equipment and were used to configure 
systems for various process operations. 
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allowable residual contamination criteria as to when they could call flushing complete, and 
second to be able to demonstrate that any such criteria would have been satisfied. 

As a result, the canyon flushes were eliminated as a deactivation task. 

9.3.2 Cleanout and Flushing Systems 
This is somewhat different than area decontamination because there may be additional 
requirements. Nevertheless, decisions to decontaminate systems by flushing should also be 
carefully considered. Some considerations are: 

Chemical hazards to post-deactivation S&M workers and more importantly to future 
decontamination workers. 

0 

Environmental regulations that govern hazardous materials. 

Contribution of radioactively contaminated systems (hot spots) to high exposure rates in 
nearby corridors where access is required. 

Where a knowledge of system operation is important, it may be prudent to conduct 
flushing while the experienced staff is available. 

Where the structural boundary of the system is not expected to last through the S&M 
period and the consequences of a breach is not acceptable. 

Each facility will require preparation of its own specific cleanout, draining and flushing 
procedures. The issue of "HOW clean is clean enough for the deactivation campaign?" must be 
reflected in the post-cleanout flushing and sampling regime chosen for that equipment or facility. 

Flushing should be done until samples, measurements, and/or past experience indicate that the 
residual contamination (hazardous or radioactive) has been decreased to below concentrations 
which meet the specified requirements. The DQO (Data Quality Objectives) process for 
sampling and evaluation of results can be applied. 

U 0 3  Example 
The U03 plant went through a cleanout campaign for deactivation of the facility. The cleanout 
was conducted in three phases: 

0 Phase I consisted of the removal of residual process material and the deactivation of most 
process equipment and instrumentation. 

Phase I1 consisted of the fixing or removal of contamination so storm water processing 
would no longer be required. 

Phase I11 consisted of the remaining activities that had to be completed before the facility 
could be turned over to the Surplus Facility Program. 

0 

0 

Since the activities in Phases I1 and I11 were closely related, they were worked concurrently. 
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Each cleanout and flushing campaign was completed under a detailed work procedure. The 
following U03 plant processing equipment procedures were prepared and implemented: 

Phase I Cleanout of Tanks TK-302-U and TK-303-U 
Cleanout of Tanks TK-306-U, TK-307-U, and TK-308-U 
Removal of U" from TK-X-30 
Flushing the UNH Concentration System 
Flushing of the Recovered Acid System 
Calciner Cleanout 
H Calciner Cleanout 
Powder Handling System Cleanout 

Phase II/III Documentation of the Bldg. 224-U Legacy Equipment 
Clean Acid Header Drop Legs 
Ship KOH to Tank Farms 
Ship Tank C-2 to PUREX and Flush Neutralization System 

The following excerpts of summary reports were specific to the U03 plant's processing 
equipment undergoing deactivation. They provide a general overview of the types of procedures 
followed to achieve the specified end point. 

Cleanout of Tanks TK-306-U, TK-307-U, and TK-308-U (Phase 1) 
These tanks comprised part of the 21 1-U Tank Farm. They were used to store nitric acid (50% in 
strength, 10 M) produced as a byproduct from the U03 process. The volume of each tank is 
100,000 gallons. The steps were: 

1. The initial step in the flushing of these tanks was a cascade flushing using approximately 
2,500 gallons of collected rainwater runoff stored in TK-301-U. The flushing path was 
from TK-301-U to TK-308-U to TK-307-U to TK-306-U to TK-C-1. As the solution was 
being transferred to TK-C-1 , samples were taken to determine whether it should be sent 
to PUREX or could be processed at the U03 plant. The cascade flushing was repeated 
three times. 

2. The next step in the flushing of the tanks was to flush them with 1,000 gallons of water 
from TK-301-U and recirculate the water for one hour. Samples were collected. 

3. After the cascade flushing, each tank was individually flushed with approximately 1,000 
gallons of raw water. The water was brought in a tank truck. After flushing, the solution 
was sampled and transferred to TK-C-1. 

4. The last part of this work plan was the cleaning of the P307 Pump Pit and the 21 1-U Pipe 
Trench. Using a water truck, water was sprayed on the pipes and the pipe trench and 
allowed to drain towards the pump pit. A sample was collected from the pit and the pit 
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emptied. Then the pump pit and pipe hardware were sprayed with a hose to remove the 
acid residue. The solution was then sampled and discharged. 

Calciner Cleanout (Phase I) 
This work plan provided instructions for the cleanout of the calciners. The procedures invoked 
consisted of removal of the calciners' lids, vacuuming the loose powder, and cleaning of the "45 
elbows" and feed points. The steps were: 

1. The first step in the cleanout involved insulation removal in order to get access to and to 
remove the calciner lids. Later, the powder temperature sensors, the calciner vacuum 
gages and sensor lines, thermocouple wells, feed points, and offgas 45 elbows were 
removed. 

2. A vacuum hose with a screen to prevent vacuuming U03 "clumps" was attached to the 
powder handling system to remove the loose U03 powder from the calciners. This 
powder was then routed to a cyclone and then a storage bin. The clumps of UO3 were 
placed into a bucket for later rework with material in another type (H) calciner. A 
millwright replaced the calciners' lids and then sealed them with a caulking material. 

3. The 45 elbows were cleaned in a decontamination sink. A mixture of HNO3 (15% to 
20%) and water was used for this purpose. Then the elbows were rinsed with water and 
the decontamination sink solution jetted to a tank and concentrated. 

Documentation of the Building 224-U "Legacy Equipment" (Phase 11) 
The "legacy equipment" was that which had been used to calcine the UNH and handle the U03 
powder before the construction of Building 224-UA. This workplan documented the physical 
and radiological conditions of the equipment on videotape. It also resolved any problems which 
were found during the documentation which might have presented a hazard to workers in the 
fbture. 

Calcining pots were opened and their insides were videotaped and photographed. The pots 
contained only a small amount of residual U03 powder. Four of the pots contained oil that had 
leaked from the agitator gear boxes located over the pots. This oil was removed and disposed of 
properly. A separate work package was then written to drain the oil from the agitator gear boxes. 

Much of the equipment had view ports, but viewing the internals was not possible because of 
U 0 3  powder caked on the interior of the glasses. Estimates of the amount of U03 powder 
remaining inside the equipment were recorded. Also found during this documentation was 
equipment on which special tests of thorium oxide had been run. Unique numbers had to be 
assigned to the pieces of equipment. This equipment had alpha contamination levels up to 
10,000 dpm. These areas were wrapped to contain the contamination and were later 
decontaminated. 
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An issue involving the U03 plant and related to the completion of equipment cleanout and 
piping flushes involved an assessment of the adequacy of the Facility Effluent Monitoring Plan 
(FEMP) which was then under revision. This assessment identified the former process and 
effluent streams which were now inactive. It also provided a conservative estimate of the holdup 
U03 material left inside equipment. An analysis of resultant potential radiation dose to workers 
and the public under "upset" conditions was conducted. It was concluded there was insufficient 
material with attendant risk in the deactivated facility to require a FEMP. 

9.4 Contamination Migration Control 

9.4.1 Bird and Animal Proofing 
Exclusion of birds and small animals from the interior of a deactivated facility is desired to 
eliminate a "safe haven," wherein the population could multiply and potentially create health 
hazards for post-deactivation S&M and decommissioning workers. Additionally, since some 
parts of deactivated facilities may be highly contaminated, occupation by birds and animals could 
spread the contamination internally, and also provide a pathway for contamination migration to 
the exterior environment as they forage. 

While few, if any, deactivated facilities, can be expected to be airtight, there are many 
engineering controls which may be considered to keep bird and animal intrusions to a 
manageable level. 

1) All non-access, building exterior openings should be covered and sealed. 

2) Intact windows may be left in place; broken panes should be covered with sheet metal 

3) Any non-solid exterior door should be covered with sheet metal, with an appropriate 

and sealed. 

window to permit viewing (partially) the interior of the facility. Insulation "skirts" at the 
bottoms of exterior doors should be in good condition and provide an adequate "seal" to 
hinder pest intrusion. 

4) Facility ventilation ducts and louvers can be covered with sheet metal, if the ventilation 
system is not being used to provide a negative pressure, contamination migration barrier. 
If HVAC systems will remain in use, screening material over the louvers will assist in 
keeping out birds and animals. 

expanding foam material to hinder access by birds and large animals. 
5) Piping penetrations into facilities can be "sealed" at the exterior boundary with an 
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Other methods of bird and animal control could include the reduction of food and nesting places 
around the exterior of deactivated facilities, and bird and animal population reduction. Some of 
the specific attempts at Hanford over several years (with varying degrees of success, and not 
specifically related to the U03 or PUREX plant deactivation) included: 

1) Bird and animal "watering holes"--exposed sumps, trenches and retention basins--were 
covered, filled in or excavated. 

2) Strands of wire were installed at facility wall/eaves intersections around the perimeter of 
the buildings to keep birds from nesting. 

3) Hardware cloth was installed over a warehouse dock to prevent birds from nesting. 

4) Inactive HVAC unit motors and housings were removed to prevent birds from roosting 
and nesting. 

Structural netting, wire prongs, and stretched wire barriers for ledges are among other tested 
devices for limiting bird roosting and nesting. 

Population reduction of birds was conducted at Hanford with some success, primarily using 
trapping devices. Pellet or blow guns, ultrasonic devices, repellent, and "scarel' devices were 
also used with limited success. Avicides were not used by the contractor because of potential 
cross-contamination impacts on the local raptor population. 

9.4.2 Sealants and Fixatives Use 
After a facility has been deactivated, the opportunities for the spread or movement of loose 
surface contamination would be expected to be markedly decreased. Regardless, some 
equipment and surfaces may have their contamination fixed in place to minimize migration 
during post-deactivation S&M. 

Use of Sealants and Fixatives at U03  
Examples of engineering controls put into place at the U03 plant included the application of an 
expansion foam to seal all %o access" doors and large, roll-up type doors, the installation of 
snug-fitting door sweeps, the covering and sealing of broken windows and external accesses, the 
sealing of ventilation ducts and piping penetrations, and the capping and sealing of ventilation 
stacks. In addition to providing a barrier to contamination migration out of the facility, these 
types of barriers also served to seal out wind and animals and to keep liquid intrusion to a 
minimum. 

One sealant applied to a contaminated, external area at the U03 plant was paint; however, with 
exposure to the elements and the passage of time, the paint began to crack and peel, and 
eventually it had to be removed, as it was transposing the fixed contamination area into an 
external, loose surface contamination area. A "lesson learned" from U03 was that the 
deactivation contractorls time would have been better spent in this instance by removing the 

9-1 1 



source of contamination at the outset. After realizing the failure of this paint system as a sealant, 
the contractor utilized a portable blast system ("Blastrac"), which blasted shot onto the surface 
while immediately vacuuming the blast products into a chamber and exhausting the air used in 
the process through a HEPA filter. This "scrabbling" and vacuuming machinery successfully 
removed the fixed contamination. The deactivation contractor at Hanford subsequently decided 
to use paint as a sealant only in facility interiors. 

Another type of sealant used at the U03 plant was a "Polymeric Barrier System" (PBS), similar 
to a system used to seal gloveboxes. This chemicals used in this system dry to a clear solid state, 
although dyes could be added to increase the visibility of the resulting barrier. 

9.4.3 Contamination Migration Barriers 
Rooms within deactivated facilities may be left with various levels of contamination. If there is 
potential for migration by ventilation flow or rainwater drainage, and such migration would be 
serious consequence, then barriers should be considered. 

9.4.4 Glovebox Isolation 
Gloveboxes that have been used for handling of plutonium, uranium, or other alpha emitting 
material should be cleaned to some acceptable level (see other examples; Glovebox Endpoint 
Criteria for Criticality Prevention and Glovebox Endpoint Criteria for Radiological Control). 
After cleaning is complete, the gloveboxes should be isolated to prevent the spread of radioactive 
material outside of their boundaries. 

PUREX Specification Example 
This has been adapted from material by A. Wenstra of the PUREXStafJ: The description is 
extensive. However because it is somewhat unique nature, there is much value in the detail 
which has been retained. 

A description of the specification for glovebox isolation at PUREX provides an example of a 
comprehensive specification. 

Process, Utility, and Instrument Air Line Penetrations 
The line penetrations through the glovebox wall are stainless steel pipe seal welded to the 
glovebox wall. Most are 1/2" or 3/4" pipe and have a tubing fitting to pipe weld connection 
inside the glovebox within a few inches of the glovebox wall. 

Each process, utility, and instrument air line entering a glovebox will be disconnected at the first 
threaded or flanged connection inside the glovebox and blanked with a stainless steel tubing 
plug, threaded cap, pancake blank, or blind flange. 
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Electrical Power 
Bulkhead electrical fittings were used for electrical penetrations through the glovebox walls. 
Prior to deactivating a glovebox, electrical power will be isolated from all equipment inside the 
gloveboxes by unplugging all electrical leads at the bulkhead connector on the outside of the 
glovebox wall. The bulkhead connectors will then be sealed with RTV silicone sealant since 
they are not airtight when unplugged. This also prevents reconnection of the electrical leads to 
the bulkhead fittings. The electrical leads inside of the glovebox will be cut at the bulkhead 
connectors and bagged out as waste. The HNO3 atmosphere corrodes the connectors inside the 
glovebox so that they generally cannot be taken apart. 

Fire Suppression Nozzles and Temperature Detectors 
The ports for fire suppression nozzles consist of 3/4" NPT pipe couplings welded into the 
glovebox wall. The ports for temperature detectors are similar except a 3/4" NPT half coupling 
is used. 

After the Halon fire system is deactivated, the Halon lines will be blanked in the sample gallery 
near the Halon bottles. 

The temperature detectors will be left in place since the detector elements are threaded into the 
half couplings and the parts that are exposed to the glovebox atmosphere are corrosion resistant 
and air tight. 

Gape Fittinps and Dewpoint Measurinv Ports 
Pressure gage fittings are made of a 1/4" NPT half coupling welded into the glovebox wall. The 
dewpoint measuring ports for the dry gloveboxes were made by welding a 3/4" NPT half 
coupling into the glovebox wall. 

The pressure sensing lines will be left as is. They will be available for monitoring negative 
pressure in the gloveboxes during post-deactivation S&M. 

Glovebox Exhaust Ventilation System 
The gloveboxes are vented to the main exhaust system stack through a system of HEPA filters, 
dampers, and ducting. There are two types of exhaust filters on various gloveboxes which are 
push-through filters and bagout type HEPA filters. 

The main glovebox exhaust duct will be blanked in the room containing the gloveboxes, which 
will then be individually and locally vented to the air tunnel through the vessel vent piping. The 
first stage of vessel vent filters inside one of the gloveboxes will be removed to allow the wet 
gloveboxes to vent to the vessel vent piping. The dry gloveboxes will be vented through a new 
duct installed from the another glovebox to the vessel vent piping. 
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The sliding door between the bagging glovebox and the can conveyor to the secondary canning 
glovebox will be sealed shut to prevent contamination spread into the clean secondary canning 
glovebox. 

Exhaust Ducting: Ports and Push-through Filters 
The glovebox ventilation air is exhausted either through push-through HEPA filter housings that 
are bolted to the glovebox wall and sealed with O-rings, or through ports made of 4" or 6" 
diameter fittings welded around a hole in the glovebox wall. The covers on the push-through 
filter housings are bolted to the housing and sealed with O-rings. Neoprene gaskets attached to 
the outside of the filter elements provide a seal between the filter element and the inside of the 
filter housing. 

The isolation dampers for the push through filters will be closed, the filters will be pushed into 
the gloveboxes with spacers, and then bagged out as waste. The bagout HEPA filters will be 
removed with the bag stubs left in place. The filter housing door will be replaced and latched. 

Inlet Filter Ports 
Ventilation air entered the gloveboxes through inlet filters located at the bottom of the 
gloveboxes. The inlet filter ports for most of the gloveboxes are made of a section of 4" 
Schedule 40 304L stainless steel pipe welded into a hole cut into the bottom of the glovebox. A 
fitting is welded to the section of pipe protruding out of the glovebox. This fitting uses an O-ring 
and retainer coupling to attach a damper and filter to the inlet port. 

The inlet filter ports for the N6 glovebox are the same as above except they are installed in the 
side of the glovebox. 

The two inlet filter ports for the calciner glovebox are made of 6" pipe welded into holes cut into 
the end of the glovebox. 

The inlet filter port for the maintenance glovebox has a 150# slip-on flange welded on the end of 
the port protruding out of the glovebox instead of an Aeroquip fitting used on the others. 

The inlet filters will be removed and blanks installed on the duct. 

Gloveports and Bagports 
The gloveports are 8" in diameter and most of the bagports are 12" in diameter. There are some 
3" bagports for bagging out sample bottles. 

The gloveports and bagports will be sealed by taping pie pan shaped covers over stubby bags, 
and then using Canusawrap heat shrink material to further seal the pie pans covers to the 
gloveports. 

Canusawrap is a heat-shnnkable wraparound material which consists of an irradiation resistant 
cross-linked polyolefin backing pre-coated with a layer of anti-corrosion adhesive sealant. When 
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the Canusawrap is heated, the adhesive is transformed into an amorphous, low viscosity liquid. 
As the sleeve shrinks, it forces the molten adhesive into all surface irregularities as the sleeve 
conforms to the joint contours. On cooling, the adhesive reverts to its strong elastomeric state to 
form a tough permanent bond to the entire surface of the joint. Canusawrap is a made by 
CANUSA, a division of Shaw Pipe, Inc. 

Criticality Drains 
The wet gloveboxes are equipped with a system of primary and secondary criticality drains to 
prevent solution buildup in the bottom of the gloveboxes. 

Solution draining to the floor of the of the wet gloveboxes will either overflow to an adjacent 
glovebox or through a criticality drain. Four of the gloveboxes are butted up against each other 
with only low curbs between adjacent gloveboxes so solution will overflow from glovebox to 
glovebox instead of building up. 

The primary criticality drains connect to a common drain line that passes through the canyon 
wall into L Cell. The criticality drains consist of 2" diameter drain lines with liquid traps to 
prevent air flow through the lines. The entrances to these criticality drains are covered with 
screens to prevent plugging of the drain line. 

The primary criticality drains will be plugged to prevent air flow from the canyon back into the 
gloveboxes, which will be more negative than the canyon since the gloveboxes will be vented 
directly to the air tunnel. These will be sealed by removing the screen covering the inlet to the 
drain and installing an expansion plug. 

The secondary criticality drains between adjacent gloveboxes consist of 2" square tubing. It was 
installed to prevent solution buildup in the event that a primary criticality drain became plugged. 
The secondary criticality drains will be left open to allow air movement between the gloveboxes. 

Shaft Seals 
The calciners and blender rotation stand were powered by motors located outside the glovebox. 
The shafts connecting the motors to the rotating equipment inside the gloveboxes are sealed with 
TFE packing and Buna N O-rings where the shafts pass through the glovebox wall. 

The shafts will be left in place and further sealed with RTV silicone sealant, or removed and 
replaced with a cover plate. 

Sphincter Seals 
Sphincter seals were installed in the gloveboxes for transferring sample bottles and product cans 
into the gloveboxes. The sphincter seals for product cans have threaded stainless steel covers. 

A product can will be left in each product can sphincter seal and then the cover will be installed 
after a bead of RTV silicone sealant has been laid on the threads inside the sphincter seal. A 
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cover of Lexan or stainless steel will be made for each sample bottle sphincter seal. The covers 
will be attached with screws or an adhesive. 

Vacuum Cleaning System Outlet and Return Lines 
A vacuum cleaning system was installed in the Loadout glovebox to reduce dusting and clean up 
powder spills in the N4 and Loadout gloveboxes. The vacuum line leaves the west end of the 
Loadout glovebox through a 1" OD tubing spool piece welded into the glovebox wall. A Tri 
Clamp fitting ferrule is butt welded to both ends of the tubing spool piece. After leaving the 
glovebox, the vacuum line passes through two HEPA filters and a blower before it returns to the 
glovebox through a transition piece welded to an oblong slot cut into the upper west end of the 
glovebox. The return line has a check valve installed in a 1" standard flanged connection located 
several feet away from the glovebox. 

The vacuum system line leaving the glovebox will be blanked or plugged at the first fitting 
outside the glovebox downstream from the HEPA filters. This will prevent migration of 
contamination into the clean piping downstream from the filters. The return line will be blanked 
at the first flange outside the glovebox where a check valve is presently located. 

Drv Air Diffuser Supply Lines 
Dry air was supplied to diffusers in the N4 glovebox through two lines which enter the east end 
of the glovebox. Similarly, dry air was supplied to diffusers in the Loadout glovebox through 
two lines that enter the west end of the glovebox. The dry air penetrations consist of 2" Sch. 40 
pipe spool pieces for the N4 glovebox and 2" OD x 0.095 wall tubing for the Loadout glovebox. 
All four of the spool pieces are welded to the glovebox wall. Aeroquip Corp. pipe flanges are 
butt welded to both ends of the spool pieces. Diffuser pipes are connected to the flanges inside 
the glovebox and the dry air supply line is connected to the flanges outside the glovebox. The 
piping connections are made with Aeroquip Corp. couplings. The isolation valves for all four 
dry air lines are located approximately 12 in from the glovebox. The isolation valves for the N4 
glovebox are ball valves while the valves for loadout glovebox are gate valves. 

The dry air lines to the loadout glovebox will be blanked at the flanges nearest to the glovebox 
wall either inside or outside the gloveboxes. The dry air lines to the N4 glove box will be isolated 
by installing isolation locks on the ball valves just outside the glovebox. 

Surpe Relief Device 
The N4 glovebox is equipped with a surge relief device to prevent pressurizing the glovebox. 
The surge relief device is filled with Dow Corning 200 fluid and is connected to the dry air 
supply line to the east end of the N4 glovebox. A HEPA filter is installed on the other side of the 
surge relief device. The port where the surge relief device originally connected directly to the 
glovebox has been blanked. 
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The line connecting the surge relief device to the dry air line will be blanked. Then the HEPA 
filter will be removed and the surge relief device drained. 

Process Vacuum Line 
The process vacuum line leaves the top of the N2B glovebox and passes through the ceiling to 
the filters and vacuum pump in the Sample Gallery. The vent line fiom the vacuum system goes 
back down to N Cell and ties into the vessel vent line between the second stage filters and the 
blowers. 

The process vacuum line inside the N2B glovebox will be blanked at the flange closest to the 
glovebox wall. The vent line from the vacuum pump will be blanked at the flange where it ties 
into the vessel vent line. 

DOP Test Ports 
DOP test ports for filters inside the gloveboxes are similar to instrument lines and will plugged 
inside the gloveboxes. DOP test ports on external filters normally have piping plugs installed in 
them. These plugs will be left in place. 

9.5 Ventilation to Support Post-Deactivation S&M 
Post-deactivation ventilation is an important area of concern for deactivated facilities. It will 
have to be addressed for many facilities. The basic options are: 

0 No installed ventilation need be operable - portable units can be used when necessary. 

Some installed ventilation is required to be started periodically, for example, for 
industrial safety prior to human entry into isolated spaces 

Continuous ventilation is required, for example, for contamination control or prevention 
of buildup of mold, or temperature control to prevent freeze-thaw cycling. 

Because of their age and methods of construction, many of the facilities being deactivated at 
Hanford are not airtight. Even containment type and air-locked facilities in which no ventilation 
system is operating can be expected to "breathe" as the atmospheric pressure changes. It is 
possible for contamination to migrate during this process if sufficient engineering controls are 
not present or mitigating conditions established. 

Some non-leak tight deactivated facilities will require maintaining an internal pressure less than 
the external atmospheric pressure to provide assurance that internal contamination will not 
migrate to the exterior. One way to maintain a negative internal pressure would be to operate the 
installed ventilation system(s), possibly at a reduced flow rate. 

Contamination filtering devices, such as high efficiency particulate air (HEPA) filters, can be 
considered to prevent contaminated effluents. Monitoring devices on ventilation exhausts may 
need to be installed and maintained to comply with regulatory permits. 
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9.6 Fire and Flooding Protection 

9.6.1 Fire Protection 
For facilities to be deactivated, the maximum fire protection strategy would be to eliminate all 
fire hazards. However, because the costs of removing all fire hazards prior to deactivation could 
be prohibitive in all but the most basic of facilities, such an approach in large facilities is 
unrealistic. For example, some oils and greases may remain inside system components; tanks 
and sumps, although emptied and flushed, may not be thoroughly cleaned; and electrical cabling 
and insulation will, in most cases, remain in place. 

U 0 3  Example 
All of the above examples were relevant in the case of the U03 plant. Accordingly, for the U03 
plant at Hanford, the following prerequisites had to be satisfied before fire protection could be 
removed from the facility: 

1. 

2. 

3. 

The property book value of the facility (including the buildings and their contents) had to 
be devaluated below levels which would require certain fire protection features. Even 
where the property had no inherent value, but property is shown to have record value, fire 
protection was maintained until the recorded value is lowered below protection 
requirements. 

Prior to deactivation, a Fire Hazards Analysis conducted in accordance with the criteria in 
DOE 5480.7A4, Fire Protection, was conducted. The purpose of the Fire Hazards 
Analysis was to comprehensively and quantitatively assess the risk from a fire within 
individual fire areas within the facility to ascertain whether the objectives stated in 
paragraph 4 of the DOE Order were met. This analysis included a determination of the 
fuel loading of various parts of the facility, as well as an evaluation of ignition sources. 
The analysis had to demonstrate that a radiological or hazardous material release, beyond 
DOE guidelines, was not possible. The analysis had to be performed or reviewed by a 
qualified Fire Protection Engineer. If fire protection features were determined necessary 
to prevent a radiological or hazardous release, those fire protection features had to be kept 
active until the radiological or hazardous materials were removed. 

For life safety purposes, fire protection features could be deactivated only after personnel 
were no longer occupying the facility. The facility was considered occupied if it satisfied 
the definition of the Life Safety Code of the National Fire Protection Association (NFPA 
101). 

Since this work was done, DOE Order 5480.7A, Fire Protection, was canceled by DOE Order 440.1, Worker 
Protection Management for DOE Federal and Contractor Employees, effective 9/30/95, and by the DOE Order 
420.1, Facility Safety. The DOE Fire Hazards Analysis policy is now included in an Implementation Guide for 
Use with DOE Orders 420.1 and 440.1, "Fire Safety Program" which is currently in distribution (1 0/95). 
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4. As a condition for removal of fire protection, post-deactivation S&M planning was 
coordinated with local Fire Department organizations for fire and emergency medical 
response services. 

For the U03 plant at Hanford, the local DOE Operations Office issued a letter, in response to a 
contractor request, for a devaluation of the facility to ''zero value." The letter approved a ''zero'' 
valuation and stated that the facility had no future mission. Once assigned a "zero value," fire 
alarm and suppression systems could be deactivated, permitting the termination of electrical and 
water utilities to the facility. 

During final U03 plant cleanout, NFPA 101 permitted a limited number of workers performing a 
light work load, including appropriately equipped fire watches when necessary, consistent with a 
facility classification of "light industrial construction." This limited work force could use lights 
and utilities, if available, or could carry their own lights when utilities were not available. 
Adequate escape facilities had to be maintained at all times. In addition, the facility public 
announcing system was required to remain operational in order to provide safety notices to 
workers, up to the point of electrical disconnection. 

9.6.2 Inleakage and Flooding Protection 
This is a place holder for criteria and methods for allowing or reducing rainwater, snow melt, 
ground water, and flood water intrusion. It can address sealing, installation of flood doors, or 
maintaining an active collection, detection, and pump out system. (See drain systems.) 

UO3/PUREX Experience 
At U03, two of the roofs were known to leak. A commercial mobile home roofing sealant was 
applied to seal them. 

At PUREX there are a couple of building sections that are below grade and have cover block 
type roofs. These are prone to in-leakage. Plans are to seal the blocks with similar commercial 
sealant and install a level detection instrument in the sump area of the building. This probably 
won't be any thing more than a conductivity probe. The potential for a large volume of water 
gathering is pretty low, so no pumps or anything else is needed. The post-deactivation contractor 
would either bring in a portable heater to evaporate any buildups or install a portable pump if the 
sealing the roof area is not effective. 

9.7 Establishing Passive Conditions 

9.7.1 Facility Isolation 
This topic concerns the physical isolation of the facility, its water, steam, and sanitary systems, 
and its electrical isolation. 
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U 0 3  Example 

Water and Steam Systems 
Normally, all water and steam systems, including facility fire mains, would be isolated and 
drained during the deactivation process to minimize the potential for leaks and ruptures during 
the post-deactivation S&M phase and to facilitate future decommissioning efforts. One primary 
remaining concern would be freeze protection for dead-ended legs and standpipes containing 
residual water, since deactivated facilities will rarely be heated. 

Because of water, steam, fire main, etc., services required at nearby facilities, the associated 
main's pressure may exist at the deactivated facility's header isolation valve, which may now or 
in the future leak. At the U03 plant, for those piping systems which were flanged right after the 
piping entered the facility, the flange was broken, a rubberized, expandable "plug" was fabricated 
and inserted into the piping at a level below the prevailing frost depth for that site, and about 20 
inches of concrete was then poured into the pipe as a backup barrier to the expandable plug. As a 
third and final barrier, a solid flange cover was then bolted over the flange opening. 

In addition to stopping inflows of fluids at the normal inlet piping to a facility, considerations 
should be given to disconnecting and plugging/capping normal outlet piping to prevent back 
flows from physically connected systems which must continue to operate at other facilities. 

SanitationKewer Svstems 
All sanitation fixtures (sinks, toilets, urinals) in deactivated facilities should normally be 
removed to remove the temptation to use them, since there will be no flushing source. 
Provisions to seal the discharge sewer lines should be made, since the facility in most cases could 
be expected to use the site-wide sanitatiodsewer discharge system, which remains in operation. 
Without adequate back flow protection, sewer gases containing methane, for example, could 
accumulate. 

Electrical Isolation 

equipment deenergization. Where feasible and without incurring great cost following isolation, 
easily observable physical gaps were madehnserted into electrical equipment, such as, bus bars, 
transformers, etc., to provide visual assurance of deenergization. (Also see 8.2) 

. At the U03 plant, considerations were given to providing visual verification of electrical 

Facilitv Exterior 
Windows that were intact at the U03 plant were left installed. Broken or missing panes and 
windows were covered with sheet metal to keep animals and birds out and to serve as a potential 
contamination migration barrier. Piping penetrations through exterior walls were sealed with an 
expanding foam to preclude their use as an entryway by small animals and birds. Exterior solid 
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doors to the facility had windows placed into them to serve as inspection ports during post- 
deactivation S&M and prior to facility entry for quarterly inspections. 

Security 
For both personnel safety and security concerns, a chain link fence was installed around the U03 
plant perimeter. The entrance gate was locked shut with a padlock and access was strictly 
controlled by the post-deactivation S&M organization. 

9.7.2 Electrical De-energizing 
Some amount of electrical service will be needed in many deactivated facilities. The primary 
input to deciding what to do is the requirements for post-deactivation S&M with respect to 
lighting for post-deactivation S&M access requirements and tour path and ventilation (see 
separate subject on this). There also may be needs for contamination control and property 
protection systems, even if only for detection (ventilation stops, sump level, smoke or heat etc.). 

This can take the form of: 

. 

Isolating and reconfiguring sections of an existing system, and/or 

Adding alternative sources of power combined with abandoning all or portions of the 
existing system, or 

Complete abandonment and reliance on hand-held and portable equipment. 

PUREX Example 
The PUREX canyon facility is very large and includes many electrical systems and a complex 
distribution. For post-deactivation S&M, a minimal number of circuits is required for: 

Ventilation exhaust fans 

Lighting 

Monitoring systems (radiation, air flow, etc.) 

After evaluating alternatives, the decision was to open the main feeder to the canyon facility and 
deenergize the entire facility. The reasons for this choice were: 

The equipment and material is old (vintage mid 1950's). Did not have to even address 
the possible need for upgrading. 

It obviated fire protection concerns since deenergizing removes the ignition sources. 

Reconfiguring the existing system to limit to lighting only would have been very 
expensive. 

Reconfiguring would have had to be done after all other work was complete, thereby 
becoming critical path on the deactivation schedule. 
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In addition to opening the feeder, mineral oil coolant is to be drained from transformers in the 
facility. 

9.7.3 Abandon in Place - Equipment and Systems 
This refers to mechanical equipment and process or service piping systems. When systems and 
equipment have no hrther use, they may be abandoned in place. The methods for doing so 
should address how this should be done, specifically with regard to the degree of removing 
hazards such as fluids, electrical supply, interconnection with other systems, etc. 

UO3/PUREX Examples 
At Hanford, the term "Abandoned in Place" was applied to systems and components: 

1. with no intended or postulated use during the post-deactivation S&M or 
decommissioning periods, and 

2. to be left in place upon the deactivation of the facility, and 

3. after all applicable end points had been satisfied. 
Some examples of systems and equipment that were abandoned in place at Hanford's deactivated 
Uranium Trioxide (U03) plant were: 

a) System pumps and motors, along with their entrained greases and lubricating oils, 
were abandoned in place. Also, electrical switchgear, tanks, and other permanently 
attached equipment that were not considered part of the facility's construction 
materials (e.g., windows, walls, ceiling tiles, etc.) were abandoned in place after 
meeting their end points (draining and flushing tanks, deenergizing electrical gear, 
etc.). 

b) Installed lighting systems were abandoned in place as part of a costs containment 
strategy to remove all existing power to deactivated buildings where possible, rather 
than attempting to modify the existing installations, for which the accuracy of 
drawings was, at best, questionable. Neither bulbs (potentially mercury-containing) 
nor light ballasts (potentially PCB-containing) were removed, as they may have then 
become "waste," subject to environmental regulations and additional costs. (A new, 
less costly, and more centrally and easily controlled surveillance and maintenance 
lighting system was installed in the U03 plant to facilitate periodic facility 
inspections during post-deactivation S&M.) 

c) External wooden and steel platform structures, with their associated ladders or rungs, 
were abandoned in place, with appropriate warning signs and engineering controls 
prohibiting access (chains, locks, fencing, etc.). 

In considering what equipment should be abandoned in place, and with uncertainties connected 
with the facility's final decommissioning plan, the deactivation manager at U03 plant was 
required to make a reasonable, best effort to determine a system's or a component's potential 
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value toward a decommissioning effort (possibly, two or three decades hence), and categorize the 
equipment appropriately: 1) maintain it operational, 2) mothball it, or 3) abandon it in place. 
The result was that everything was abandoned; nothing was mothballed or kept operational. 

Specific types of deactivation considerations at U03 and PUREX included the following: 

1) Electrical Components - Electrical equipment deactivation criteria were specified in an 
end point that required plant personnel to "electrically deenergize equipment and 
instrumentation unless otherwise stated." 

At the U03 plant, deactivation of electrical equipment was accomplished in one fell 
swoop by the deenergization of all power to the Plant's buildings at the main power 
supply breakers located outside the plant. On the other hand, electrical power at PUREX 
was terminated selectively by locking open appropriate breakers and switches for 
different areas. This latter process, was necessary because the rather lengthy duration 
(two years or so) of facility deactivation raised concerns for the safety and protection of 
workers and equipment remaining in the building during deactivation work. Retaining 
electrical power in some parts of a facility will also have ramifications for facility fire 
protection, maintenance activities, calibration of equipment, and area surveillance. 

Some electrical transformers contained PCBs and required draining after they were 
disconnected. In general, some form of "easy" physical isolation of the transformers was 
performed for visual verification to future decommissioning personnel that the 
transformer was deenergized. This was accomplished by removing fuses, wires, or 
portions of bus bars. This was not mandatory, but could ease decommissioning workers' 
minds several years later when they start their work and can actually see the isolation. 

2) Instrumentation and Control Equipment - Most of the instrumentation and control 
equipment in the U03 and PUREX plants relied on pneumatic and/or electrical power 
Whereas all electrical power could be secured to the U03 Plant, there are several 
instruments (primarily for environmental monitoring) that must remain operational at 
PUREX. Powering these instruments appropriately and identifying them for either 
continuous remote or periodic in-situ monitoring by post-deactivation S&M personnel 
was required. 

Deactivated instruments were either removed for possible use elsewhere, or were left in 
place. To prevent confusing deactivation and post-deactivation S&M personnel, 
abandoned instruments displays at PUREX had their faces covered with a uniquely 
colored paper. 

3) Contaminated Piping - Most of the process equipment piping in the U 0 3  and PUREX 
Plants is contaminated. The primary reason for flushing any of these systems was to 
remove the hazardous chemicals. Unless there was a known radiation "hot spot" in the 
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piping, the only actions taken were to drain the piping and isolate the system using the 
installed system valves. 

Known holdups of UO3 powder (caked to process equipment internals, for example) were 
estimated conservatively for future decommissioning purposes; however, mechanical 
scraping or cleaning of piping internals beyond vacuuming were not performed. 

Some flushing of a system may be appropriate to reduce a local "hot spot," but, 
recognizing that process equipment piping internal surfaces will never be ''released" from 
a radiological controls viewpoint, it would be a waste of site resources to clean it. 

4) Service Utility Piping - In general, this type of piping (water, air, sewer) was isolated at 
valves as far from the plant as practicable. The preferred point at Hanford was far enough 
away from the plant so that a piping failure or break would not damage or upset the 
condition of the deactivated plant. Additionally, the chances of discovering a break in a 
timely fashion were considered greater if the isolation valves were outside the facility 
and/or near a location occupied by personnel. 

9.7.4 Draining of Systems 
Systems in facilities being deactivated should be drained and isolated to: 

1. Minimize the amounts of possibly hazardous materials prior to imposing a state of 
minimum surveillance and monitoring. 

2. Minimize the potential spread of contamination during post-deactivation S&M or when 
decommissioning activities commence. 

3. Reduce general area radiation exposure rates. 

4. Utilize the existing process knowledge and operating experience of currently assigned 
facility technicians and managers to place systems in their safe, end point configurations 
prior to deactivation. 

PUREX Consideration 
Some systems to be drained and flushed may come under the purview of Federal and State 
environmental laws and regulations (NEPA, CERCLA, RCRA, etc.). Such was the case at 
Hanford when the PUREX facility was formally shutdown and deactivation planning was started. 
Extensive planning and coordination with the cognizant officials produced an agreement among 
the parties that gave rise to a document, produced by the deactivation contractor, describing in 
detail the Data Quality Objectives (DQO) and criteria for ensuring that vessels and systems had 
been drained and flushed and that dangerous waste constituents had been removed. The 
document specified the sampling and analysis methods to be used for decision variables 
(regulated constituents, e.g., arsenic, benzene, trichloroethylene, etc.) covered by the applicable 
environmental regulation (primarily RCRA). 
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U 0 3  Example 
Apart from the environmental concerns, the draining of systems is relatively straightforward. 
During the U03 plant deactivation, for example, in order to minimize hazards to 
decommissioning workers in the future, systems draining procedures were reviewed carefully to 
identify any "dead legs" in piping that would not be completely drained during the procedure. 
Rather than develop special procedures, however, the normal draining connections were used, 
and these dead legs were identified with signs as potentially containing the systemk liquid. 
Additionally, local containments were erected around any such "potentially not fully drained" 
system to collect any leakage during post-deactivation S&M. Once drained of contents to the 
maximum extent, systems were then returned to a "system isolated" lineup or condition to 
preclude any unintended drainage. 

9.8 Structural Stability 

9.8.1 Structural Assessment 
The purpose of a structural assessment for facilities to be deactivated is to determine and 
document the adequacy of the buildings and structures for some extended non-operational 
period. A graded approach is appropriate with a level of detail based on future use (if any), and 
hazards that remain which are a potential danger to workers or the public. In general, there is no 
need to conduct a detailed structural analysis with modeling or other rigorous engineering 
methods. 

An assessment is first conducted as a condition of turnover with the intent that a periodic future 
annual or bi-annual inspection be conducted, all with the aim of projecting adequacy for a period 
into the future, for example, 5 years. 

The first stage of an assessment is by visual inspection, review of past assessments, past 
inspection reports, and technical documentation of the construction. This inspection should be 
conducted by a person knowledgeable in design and construction of structures, accompanied by 
representatives of the deactivation organization and the receiving organization. Based on these 
results, a more formal inspection by a qualified structural engineer, or immediate corrective 
action, may be appropriate. The inspection should address: 

1. List the structures that are to be inspected and their component parts. This should include 
buildings foundations, walls, framing, ceilings, decking, roofs, cover blocks, platforms, and 
others as appropriate. 

2. Structural Integrity: 

For example, inspect for the following and while addressing the subsequent questions: 
- destructive effects of expansion or contraction 

- evidence of continued settlement or lateral displacement 

- evidence of propagating cracks 
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- massive surface spalling or corrosion 

- moisture stains indicating inleakage 

- physical damage 

Is the structure acceptable for an extended period of S&M, say 5 years, without failure? 

Is there any near term threat of collapse? 

If there are radioactive or chemical hazards contained within the structure, does it prevent 
spread to the outside? 

Does the structure inhibit the intrusion of rain and vermin? 

3. Surveillance - Identify conditions that interfere or prohibit the performance of planned 
surveillance or maintenance work during the S&M period. 

4. Administrative - Identify administrative actions, such as the installation of warning signs, 
needed to protect the S&M worker or future inspectors. 

5. Recommendations: 

Identify needed corrective action. 

Identify needed immediate attention and funding. 
The above can be converted to a checklist. The results of the visual inspection should be 
recorded to establish a reference baseline for future surveillance and maintenance. 

9.8.2 Roof Integrity Evaluation 
The integrity of roofs for deactivated facilities which are internally contaminated is important. 
EM-40 guidance for acceptance of a facility specifies that a roofing system will serve its purpose 
of protecting the facility's interior for a minimum of five years. 

The criteria and methods for inspecting, recommending periodic inspection intervals, and 
evaluation of the need for repair or replacement. Qualification and/or training of inspectors 
should also be addressed. 

Assessments of the remaining service life of structures and roofing systems performed by a site's 
structural engineering group tend to rely to a great extent on the experience and judgment of 
individual inspectors. While the focus of these assessments is usually on engineering solutions 
to repair roof defects, deactivation considerations need to address additionally the financial 
implications of roof repair expenditures as they relate to extending the serviceability of the 
roofing systems. 
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An approach can be conducted similar to that in the previous section for structural assessment. 
The subjects of a roof integrity inspection can include: 

1. Roof Condition 

0 General Appearance 

0 Surface Condition 

Membrane Condition 

2. Flashing Condition 

0 Roof Perimeter Base 

0 Counter Flashing/Termination Base 

Coping 

0 Perimeter Walls 

3. Roof Perimeter Edging/Facia 

4. Roof Penetrations 

0 Equipment Base Flashing Curbs 

0 Equipment Housing 

0 Equipment Operation 

0 Roof Jacks, Vents, and Drains 

5. Expansion Joint Covers 

6. Pitch Pockets 
This list has been taken from the main topics of a comprehensive checklist used at Hanford. 
Each subject area has a detailed listing of potential conditions for which to inspect - all on a 
checklist which provides for recording observations and making recommendations. 

U03 and PUREX Examples 
Major end points associated with the deactivation of the U03 and the PUREX plants at Hanford 
concerned the integrity of each structure and its roofing system. Roofing deficiencies left 
uncorrected could lead to moisture intrusion. 

During the deactivation phase, the U03 plant's Buildings 224-UA and 272-U roofing systems 
were assessed by a site structural assessments engineer as needing repairs to meet the five year 
requirement. Minor deficiencies identified at several other buildings, such as rust or minor 
cracking, were satisfactorily addressed by increasing the inspection frequency during post- 
deactivation S&M. For the two buildings needing roofing repairs, a coating of "SNOWCOAT" 
was applied to seal the roofs, and the periodicity of inspections was increased. SNOWCOAT 

9-27 



applications were dependent upon the weather and, since facility deactivation was scheduled for 
the winter months, it was formally agreed between the deactivation manager and the 
decommissioning manager that roof repairs would be completed by a date certain after plant 
turnover. After coating, the roofs were posted with "NO Access'' signs to prevent damage to the 
SNOWCOAT layer. 

9.9 Nuclear Material 
Deactivation of some facilities will have to address existing fissile and other nuclear material. 
Minimizing the resources required after deactivation points towards elimination of needs for 
accountability, special safeguards, or special security. The purpose of this set of practices is to 
provide examples of such experience. 

9.9.1 Transfer of Physical Inventory Holdup as Normal Operating Loss 
The procedure governing a declaration of Normal Operating Loss (NOL) and subsequent 
administrative removal from active inventory to waste management are contained in DOE Order 
5633.3B. DOE Order 5660.1B states: "Discarded material disposed of as waste shall be 
removed from the accountability system in accordance with DOE Orders 5633.3B, 56.33.4, and 
5633.5." These orders have been used as a basis for eliminating the accountability of material 
that is not chemically hazardous and which can be safely declared to be waste. 

* 

U 0 3  Example 
At deactivation, the inventory accounts at U03 included approximately 500 kilograms of low 
enriched (0.84 to 0.90 235U) uranium trioxide held up as a solid powder glaze on the inner 
surface of the plant's calciners and within associated process equipment. All loose powder that 
could be dislodged was vacuumed out of this equipment. Additional equipment left over from 
another program included 20 pot calciners originally used for processing uranyl nitrate into U03 
powder. Inspection of these calciners showed they were empty and apparently cleaned out with 
acid following their final use. It was not cost effective to recover the residual material; the value 
was estimated as $4000, if it were to be recovered and purified. When the U03 plant is 
decommissioned, the residual uranium will most likely be disposed of with the processing 
equipment and plant rubble to low level waste disposal. 

A request to transfer this material to NOL was approved in accordance with DOE Order 5633. It 
was recommended that the inventory in this account, which is uneconomical to recover and 
disposable, be transferred to an EM-40 account until such time as final decommissioning occurs. 

When the deactivated U03 Facility no longer had accountable quantities of SNM, vital 
equipment, or classified information, DOE Order 5632.2A, Physical Protection of Special 
Nuclear Material and Vital Equipment and DOE Order 5480.5 Safety of Nuclear Facilities no 
longer applied. It has been reclassified from a Nuclear Facility to the "Other Industrial 
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Facilities” category. (However, access to the facility will be controlled to prevent radiation 
exposure or injury to personnel.) 

9.9.2 Glovebox Endpoint Criteria for Criticality Prevention 

PUREX Example 
This has been adapted from material by A. Wenstru of the PUREXStufJ: The description is 
extensive. However because of it somewhat unique nature, there is much value in the detail 
which has been retained. 

As part of the PUREX Transition project, residual plutonium is being removed from the N Cell 
gloveboxes to reduce the potential for a criticality, to reduce the potential for contamination 
spread before and during decommissioning activities, and to minimize the overall radiation dose 
rates to personnel during both deactivation and decommissioning. The following criteria will be 
used to determine when the residual plutonium inventory in a glovebox has been reduced enough 
that no further equipment removal or decontamination is required: 

Cleanout of the gloveboxes for criticality prevention will be considered adequate when the 
following conditions are met: 

1. All process tubing, piping, and equipment small enough to be bagged out of the bagout 
ports has been removed from the gloveboxes. 

2. Any piping or vessels left inside the gloveboxes have been drained, or opened and 
inspected, to insure that there are no accumulations of plutonium left inside the 
gloveboxes. 

3. Residual plutonium inventory for each isolated glovebox or glovebox system is less than 
450 g Pu as determined by the 

or 

(highest) value from a nondestructive assay, 

A criticality safety evaluation determines that a criticality during decommissioning will 
be prevented by the form or distribution of the fissionable materials that remain in the 
plant. 

4. When equipment removal and decontamination is completed, residual plutonium on 
interior glovebox surfaces will be fixed with non-strippable paint. 

The following gloveboxes or combination of gloveboxes are considered isolated systems: 

N7Glovebox 

N6Glovebox 

0 NlA/N2A/NlB/N2B/N2C Gloveboxes 
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N3N4Maintenance Gloveboxes 

Loadout Glovebox 

Since the N4 glovebox is considerably larger than the other N Cell gloveboxes and contains most 
of the residual plutonium inventory, it is unlikely that even extensive cleanout will reduce the 
plutonium inventory in the N3m4Maintenance glovebox system to the point that the most value 
of an NDA (nondestructive assay) measurement is less than 450 g. Therefore, it is assumed that 
a criticality safety evaluation will be needed to meet the endpoint criteria. Following is a 
description of the minimum cleanout work that will be done in the N3/N4 gloveboxes to reduce 
the plutonium inventory and provide a basis for the criticality safety evaluation. 

Equipment in the N3/N4 gloveboxes will be disassembled and cleaned out. Disassembled 
equipment pieces small enough to be bagged out will be removed from the gloveboxes. 

After the above equipment and accessible plutonium has been removed, the residual plutonium 
inventory will be estimated by NDA. Then an evaluation will be done to determine if additional 
equipment needs to be removed to further reduce the plutonium inventory. If additional 
plutonium needs to be removed, equipment will be cut up as necessary and removed from the 
gloveboxes. 

Basis for Criticality Prevention Endpoint Criteria 
The technical criteria in section 2.2.4 of the PUREX/U03 Deactivation Project Management 
Plan provide the general basis for the criticality prevention endpoint criteria. One of the 
requirements in section 2.2.4 is: 

Fissile materials shall be removed sufficiently to eliminate the potential for a nuclear 
criticality excursion and the need for a criticality alarm system. 

The specific criticality prevention endpoint criteria are based on the following 4 points: 

1) The small equipment and piping that has handled plutonium product will be removed to 
provide access to residual plutonium that has been inside or behind equipment and to 
improve the accuracy of the NDA. Large equipment will not be removed from the wet 
gloveboxes for the following reasons: 
0 

0 

The equipment has been flushed internally with nitric acid to remove residual plutonium. 

The effort and risk involved to cut up the large equipment so it can be removed is not 
justified based on the plutonium inventory in the wet gloveboxes 

Removing small equipment will allow better access to the large equipment for 
decontamination 

0 

2) The 450 g Pu limit in each isolated glovebox system is based on conditions that require a 
criticality alarm system (CAS) as specified in DOE Order 5480.24, the Nuclear Criticality 
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Safety Manual, WHC-CM-4-29, chapter 1 1 .O, and American National Standard ANSUANS- 
8.3. These documents specify that a criticality alarm system is not required if the inventory 
of fissionable material in individual unrelated areas is less than 450 g (an exception to this 
requirement is discussed below). See the discussion of Criticalitv Alarm Exemption in the 
box. 

3) The exception to the 450 g Pu limit (if a criticality safety evaluation determines that a 
criticality during decommissioning will be prevented by the form or distribution of the 
fissionable materials that remain) is based on an exception given to the requirement for a 
CAS in DOE Order 5480.24 and Nuclear Criticality Safety Manual, WHC-CM-4-29, chapter 
11 .O, and on the definition of a limited control facility as defined in the Nuclear Criticality 
Safety Manual, WHC-CM-4-29. 

Limited control facilities may contain more than 1/3 of a minimum critical mass of 
fissionable material, however, the form or distribution of fissionable material ensures that 
a safe mass can not be exceeded. For plutonium, 1/3 of a minimum criticality mass is 
equal to 177 g. More than a minimum critical mass of fissionable materials will be left in 
the PUREX plant at the end of deactivation, but the fissionable materials are expected to 
be in a form or distribution that will prevent a criticality. If this is confirmed by a safety 
analysis, then the PUREX plant can be reclassified from a fissionable material facility to 
a limited control facility as defined in the Nuclear Criticality Safety Manual, WHC-CM- 
4-29. 

Once PUREX is classified as a limited control facility, it will be exempted from some of 
the criticality prevention requirements that apply to fissionable material facilities. 
Criticality prevention specifications are required for all fissionable material facilities, but 
are only required for limited control facilities if specified in the safety analysis report 
(SAR) or criticality safety evaluation report (CSER). Limited control facilities generally 
are exempted from requirements for a criticality alarm system, fissionable material 
handler training, managers and engineers criticality training, and special training for 
support personnel. 

A criticality detection system without an immediate alarm is required if the mass of 
plutonium exceeds 450 g and the probability of a criticality is greater than 1 x 10-6 per 
year, but there are no occupied areas in which the expected dose rate exceeds 12 rads in 
free air. 

These exemptions generally include critical prevention specifications, a criticality alarm 
system, and some training requirements. 
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Criticality Alarm Exemption 
Chapter 11 .O of the Nuclear Criticality Safety Manual, WHC-CM-4-29, and American National Standard 
ANSI/ANS-8.3 specify under what conditions a criticality alarm and detection system is required. The following 
paragraphs are excerpts from those documents. 

WHC-CM-4-29, Chapter 11.0, Section 5.1, Coverage 
Criticality alarm system (CAS) and criticality detection system shall be installed as follows: 
1) In those cases where the mass of fissionable material exceeds the limits established in paragraph 4.2.1 of 

ANSUANS-8.3 [450 g 239Pu] and the probability of a criticality is greater than 1 x loa6 per year (as 
documented in a DOE approved SAR), a CAS meeting ANSI/ANS-8.3 shall be provided to cover occupied 
areas in which the expected dose rate exceeds 12 rads in free air, where a CAS in defined to include a 
criticality accident detection device and personnel evacuation alarm. 

In those cases where the mass of plutonium exceeds the limits established in paragraph 4.2.1 of ANSUANS- 
8.3 [450 g 239Pu], but a criticality accident is determined to be impossible due to the physical form of the 
fissionable material, or the probability of occurrence is determined to be less than 1 ~ 1 0 - ~  per year (as 
documented in a DOE-approved SAR), neither a criticality alarm system or a criticality detection system is 
required. 

2) 

ANSIIANS-8.3, Paragraph 4.2.1 
The need for a criticality alarm system shall be evaluated for all activities in which the inventory of fissionable 
materials in individual unrelated areas exceed 700 g of 235U, 520 g of 233U, or 450 g of 239Pu or 450 g of any 
combination of these three isotopes. For operations involving significant quantities of other fissionable isotopes, 
this evaluation shall be made whenever quantities exceed the safe limits specified in American National Standard 
Nuclear Criticality Control of Special Actinide Elements, ANSI/ANS-8.15-1984. Special attention shall be given 
to all processes in which neutron moderators or reflectors more effective than water are present. 

For this evaluation, individual areas may be considered unrelated when boundaries between the areas are such that 
there can be no interchange of materials between areas, the minimum separation between material in adjacent areas 
is 10 cm, and the areal density of fissile material averaged over each individual area is less than 50 g/m2. 

4) Determining the amount of residual plutonium is difficult when it is distributed throughout 
several gloveboxes containing vessels, process lines, and other equipment. For inventory 
purposes, the plutonium in the gloveboxes is measured from outside the gloveboxes using 
portable gamma monitoring equipment to perform a NDA. There is a large amount of 
uncertainty associated with the NDA measurements. The results are given as a least value, a 
most value, and a best value, which falls somewhere between the least value and the most 
value. 
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Although, the NDA best value is used for the official PUREX inventory of Special Nuclear 
Materials, the most (highest) value must be used when using NDA measurements for 
criticality analysis. This is based on the PUREX FSAR, SD-HS-SAR-001 , section 1 1.3.1.4, 
the Nuclear Criticality Safety Manual, WHC-CM-4-29, chapter 2.0, section 5.1.4.2 and 
Criticality Prevention Specification CPS-P-465-60010, paragraph B.6. The most value from 
NDA measurements must be less than 450 g Pu in each isolated glovebox or glovebox 
system to meet the criticality prevention endpoint criteria for glovebox cleanout. See the 
discussion of NDA Uncertainty in the box. 

NDA Uncertainty 
PUREX FSAR, SD-HS-SAR-001, Chapter 1 1 .O; the Nuclear Criticality Safety Manual, WHC-CM-4-29, chapter 
2.0; and Criticality Prevention Specification CPS-P-465-600 10, paragraph B.6 specify what uncertainty must be 
used when using NDA equipment to measure plutonium mass for criticality control. The following paragraphs are 
excerpts from those documents. 

SD-HS-SAR-001, Section 11.3.1.4 Basis 
Criticality prevention may be achieved by limiting fissile material mass, including allowances for measurement 
accuracy (particularly using NDA methods) 

WHC-CM-4-29, Chapter 2.0, section 5.1.4.2 
For measurements of fissionable material under a critical mass limit, where the accuracy of the fissile mass 
measurement method is controlled to within *5% at the 95% confidence limit (CL), the reported mass may be used 
as the mass limit control value. If the methods accuracy is outside *5% (at the 95% CL), as the case for certain 
nondestructive assay methods (NDA), then the allowance for a potentially higher mass due to inaccuracy shall be 
accounted for in one of these ways: 
1. The sum of the measured mass and the mass corresponding to the uncertainty in the measurement method shall 

be less than the CPS limit. 

The independent safety review organization shall give a written exemption to the requirement for considering 
the uncertainties in the measurement method at a given location for a given type of fissionable unit. 

2. 

CPS-P-465-60010, Paragraph B.6 
NDA values used as the amount of plutonium present in an equipment piece or container for criticality control shall 
include the measurement limit of error as defined in RHO-MA 136, Standard II.2.B.5. 
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9.9.3 Glovebox Endpoint Criteria for Radiological Control 

PUREX Example 
This has been adapted from material by A. Wenstva of the PUREXStafJ: 

As part of the PUREX Transition project, residual plutonium is being removed from the N Cell 
gloveboxes to reduce the potential for a criticality, to reduce the potential for contamination 
spread before and during decommissioning activities, and to minimize the overall radiation dose 
rates to personnel during both deactivation and decommissioning. The following criteria will be 
used to determine when the residual plutonium inventory in a glovebox has been reduced enough 
with respect to Radiological Control so that no further equipment removal or decontamination is 
required: 

The inside surfaces of the gloveboxes and any equipment that has not been removed will 
be wiped down with damp rags to remove loose plutonium. 

After the inside surfaces of the gloveboxes have been wiped down, the residual plutonium 
contamination inside the gloveboxes will be fixed with non-strippable paint. 

The gloveports, bagout ports, bulkhead electrical fittings, inlet filters, and other 
penetrations into the glovebox will be sealed to prevent contamination spread when the 
ventilation is reduced to a minimum. 

Basis for RadioloPical Control Endpoint Criteria 
The technical criteria in section 2.2.4 of the PUREX/U03 Deactivation Project Management 
Plan also provide the general basis for the radiological control endpoint criteria. One of the 
requirements in section 2.2.4 is: 

Accessible interior glovebox surfaces shall be decontaminated or the surface 
contamination stabilized. Openings to gloveboxes shall be sealed in a manner that 
ensures confinement of remaining contamination. 

The specific radiological control endpoint criteria are based on the following: 

Past experience at Hanford and other sites has demonstrated that wiping the interior 
surfaces of gloveboxes and equipment is a good operating practice during plutonium 
processing to reduce the radiation exposure to personnel from americium buildup. 

Past experience at Hanford has shown that Bartlett Services, Inc. Polymeric Barrier 
System (PBS) is one of the best materials available for fixing contamination for extended 
periods. This paint was used to fix contamination in the gloveboxes during the 
deactivation of the 308 building. 
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9.10 Worker Support and Protection During Post-Deactivation S&M 
This section addresses deactivation activities which are conducted for the purpose of facilitating 
post-deactivation S&M. The conduct of post-deactivation S&M practice is beyond the scope. 

9.10.1 Identify Industrial hazards 
A variety of industrial hazards may be left. They should be described for the use by future 
decommissioning workers. 

U 0 3  Example 
Deactivation activities will seldom remove all hazards from a facility. Examples of hazards that 
remained in and around the U03 plant at Hanford at the time of an end point assessment 
(conducted by an Industrial Safety Engineer) were: 

1) Chemical residues inside systems 

2) Confined, unventilated spaces 

3) Radiation and contamination hazards 

4) Combustible materials (e.g., electrical wiring insulation) 

5) Unguarded/unblocked ladders and open-sided platform hazards 

6) Personnel trip and "head-knocker" hazards; unlighted stairwells 

7) Vehicle hazards inside fenced area (e.g., abandoned steam/sewer/propane gas lines) 

8) Oil residues inside transformers 

9) Loose or ill-fitting gratings and floor openings 

10) Asbestos in piping, equipment and building insulation 

1 1) Deenergized lighting equipment ballasts 

12) Unmarked facility escape lanes and sealed (to minimize contamination migration) 
egress doorways 

The official "Hazard Assessment at Deactivation" Report was made a part of the turnover records 
for the decommissioning contractor. Additionally, reports of potential chemical residues in 
piping and equipment, with appropriate Material Safety Data Sheets (MSDS), and a confined 
spaces listing with potential hazards identified, were part of the official turnover records for the 
deactivated facility. Also, detailed radiation and contamination surveys were made and turned 
over to the decommissioning contractor. 
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9.10.2 Signs for Deactivated Equipment and Areas 
Information for post-deactivation S&M workers or future decommissioning workers may be 
prudent where there are hazards or special considerations for re-entry of areas. Exit paths in 
complex facilities may also be called for. 

U03 Example 
Many of the physical hazards which existed in the U03 plant were resolved by installing 
physical barriers (e.g., chains) and/or warning signs for protection of personnel during post- 
deactivation S&M. New signs adopted as part of the Hazard Communication System for the 
facility included: 

"WARNING: No Unauthorized Access:" installed on the locked gates in the physical 
security fence erected around the facility and on former access doors to the facility. 

"Equipment Abandoned in Place:" placed on such equipment only after all applicable 
end points pertaining to that equipment had been achieved. 

"DANGER -- Out of Service:" chained to ladders for platforms (formerly) alongside 
tanks that had been removed (i.e., open-sided platforms), and similar such hazards, along 
with the above "WARNING" sign. 

"CAUTION -- Acid; Be Careful:" placed near piping, valves, and sumps which formerly 
contained acid, but in which some residual acid might be trapped after being drained. 

No special materials were used for signs. They are expected to last at least 5 to 10 years. During 
post-deactivation quarterly inspections, it is expected that damaged or severely degraded signs 
will be replaced. 

PUREX Proposal for Voiding Existing Sims 
An issue raised during the deactivation of PUREX concerned the disposition of the current 
permanently installedposted warning, caution, and information signs in the plant. One proposal 
under consideration is to spray paint a distinctive color "streak'' across all signs that were no 
longer relevant or applicable, versus expending a considerable effort to physically remove the 
signs. That convention would also become part of the Hazard Identification System turned over 
to the decommissioning contractor. 

Outbuilding PostinPs 
PUREX is using a "Deactivated Facility" sign at the entrance to small outbuildings. 

9.10.3 Tagging and Labeling 
Systems and equipment may be abandoned, preserved, or remain operational. Active locks and 
tags in place in facilities turned over for long term S&M must be recorded for the turnover 
information package. Consideration should be given to permanently disabling systems and 
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circuits that will never be used again. The change in organizations, if not contractors, along with 
new, possibly less experienced personnel, can be an administrative burden with the potential for 
unnecessary personnel hazards (e. g., electrical shock). 

This will be a problem for facilities which have not been systematically deactivated and where 
tags put in place decades before have no record. There is a reluctance to remove them, and a lack 
of knowledge of why they were put in place or how to readily eliminate their need. 

For systems and equipment that is not disabled and for which a tagging system is needed after 
deactivation, a system in accordance with current OSHA standards should be put in place. 
Information about the reason for tags and locks should be more detailed than for normal 
operation because it may be years before there is a need to understand why they are in place. 
Tags made of material more lasting than paper may be needed. 

9.10.4 Electrical System for Post-Deactivation S&M 
Post-deactivation S&M will require lighting. Options vary from leaving part of the installed 
system operable to total dependence on portable lights. (Also see electrical de-energizing.) 

PUREX Example 
The PUREX canyon facility is very large and includes many electrical systems and a complex 
distribution. For post-deactivation S&M, a minimal number of circuits is required for: 

0 

0 

Ventilation exhaust fans - the largest load - will be running continuously. 

Monitoring systems (radiation, air flow, etc.) - continuous. 

Lighting - will only be turned on prior to entry. 

9-37 



It was decided to install a 
separate substation external to 
the facility. (See discussion of 
the PUREX example under 
Electrical Isolation.) The 
exhaust ventilation fans being 
outside of the canyon building 
made this an easy technical 
choice. 

For lighting, a set of subpanels 
is to be installed with separate 
feeders from outside the facility 
as indicated in this sketch. 

1 NewS:bstay I - 
I Exhaust Fans 

2400V I 
480 V Y 

Single contactor feeding 
5 to 7 panel boards 
- 200' intervals 

Lighting 
Subpanel 

120 v 

I I 

A single switch outside of the canyon will turn on all lights prior to the quarterly post- 
deactivation S&M entry. 

This installation will take place while other deactivation work is in progress, thus not impacting 
the deactivation critical path schedule. Thus, in addition to the direct cost being much less than 
reconfiguring the existing system, by not impacting the critical path schedule, substantial 
potential indirect cost can be avoided. 

9.10.5 Surveillance of Sealed Out-Buildings 
Facilities often have small exterior buildings for a variety of reasons. Uses include services, 
ventilation systems, monitoring instruments, staging areas, etc. Often these building will be 
sealed with post-deactivation S&M conducted from the outside so as to avoid having to open and 
enter contaminated areas. 

Out-buildings present many of the same challenges to post-deactivation S&M and 
decommissioning planners as do major deactivated facilities. (Refer to descriptions of Facility 
Isolation and Bird and Animal Proofing). While the number of systems in out-buildings can be 
expected to be smaller, similar draining, flushing, cleaning, housekeeping, etc., considerations 
for post-deactivation S&M status should be taken. Serviceable portable equipment and 
consumables should be removed. The amount and location of any remaining hazardous 
substanceddangerous wastes should be documented. Once the buildings have been isolated and 
sealed, the principal concerns would be bird and animal intrusion and migration of 
contamination. 
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Viewing the interior through a window in the access door may be sufficient in many cases to 
conduct a periodic surveillance of a sealed out-building. Securing interior doors in the open 
position would facilitate interior viewing through a window. If small animal intrusion and 
contamination migration are not major concerns, the solid door with window might be replaced 
with a small-mesh, steel grating-type door. Surveillance personnel may require a strong beam 
lamp, since electrical lighting will probably not be provided to the building. Since the out- 
building is sealed, no building entry would normally be planned, unless post-deactivation S&M 
activity identified a problem which required immediate correction. 

9.10.6 Drain Systems 
Sump and drain systems in deactivated facilities may need to remain functional to handle 
rainwater, groundwater, or condensation. This may require sumps or tanks, level detection, 
pumps, and monitoring instruments. The degree to which systems are left active or reconfigured 
is a decision that will depend on to a large extent the geographical location, groundwater level, 
and building tightness. 

9.11 Support for Future Decommissioning 

9.11.1 Mothballing Decisions 
Mothballing is an appropriate deactivation task for equipment which will be used in the ultimate 
decommissioning of the facility. For example: 

0 Installed cranes may be useful for future decommissioning work. Alternately, portable 
cranes can be used. 

Elevators may be useful for future decommissioning work for portable equipment 
movement. 

0 

Systems - Various installed systems may be useful for future decommissioning work. 
For example, a system to demineralizer water for removal of radioactive species might be 
used for decontamination water. 

Decisions to mothball must consider the age of the equipment, the availability of parts in the 
future, and the level of effort to re-activate the equipment. Unless it can be anticipated that work 
which will use mothballed equipment will be conducted within a couple of years, it is probably 
better to abandon it. 

UO3/PUREX Examples 
At the U03 plant, none of the equipment was mothballed. It was determined by the deactivation 
manager that either none of this equipment would be useful during decommissioning or that 
preservation for yet unknown decommissioning approach was not cost effective. 

At the PUREX plant, the only components considered for mothball status were a unique crane, 
formerly used in the extraction process, and a facility elevator. Eventually, a decision was 
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reached to mothball only the elevator, since a portable crane was foreseen as being sufficient 
during future decommissioning activity. 

Mothballing the elevator at PUREX required the generation of a special work procedure for its 
deactivation in that status, along with an elevator re-activation procedure for possible use by the 
decommissioning contractor, if the contractor decided to use it. The deactivation contractor took 
the responsibility for developing the re-activation procedure with the insight that all existing 
operating knowledge and experience was in the deactivation--versus the decommissioning 
contractor's--organization. Any facility activity involved with the re-activation and/or use of the 
elevator during the decommissioning phase would be the responsibility of the decommissioning 
manager. 

Since all electrical power was to be removed from the PUREX plant, with the exception of that 
supplied to a newly installed lighting system for post-deactivation S&M, no provision was made 
for the performance of any periodic maintenance on the mothballed elevator. However, prior to 
performing the elevator mothball procedure, the elevator's preventive maintenance procedure was 
performed and the elevator was operationally tested. 

The elevator mothballing procedure at the PUREX plant essentially consisted of positioning the 
elevator properly, and separately releasing the tension caused by the elevator cab's weight and the 
counterweight's weight from each end of the elevator's cables, using hoists, slings, clamps, 
blocks, and thick wooden beams. The elevator manufacturing company's name and telephone 
number, along with other pertinent elevator information (e.g., weights of the cab and the 
counterweight) were provided in the re-activation procedure. 

9.12 Reuse of Material and Equipment 

9.12.1 Salvage and Re-use of Equipment 
Some equipment in a facility may be of use elsewhere in the government or may be sold on the 
commercial market. Decisions to pursue this must be cost beneficial. 

U 0 3  Example 
Contaminated tools were retained for reuse and formally transferred to other contaminated 
facilities. Portable welding machines that were used in the U03 plant were considered internally 
contaminated, because of the internal fan's intake of the facility's atmosphere; these were also 
formally transferred to other contaminated facilities. 
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9.12.2 Sale of Hazardous Chemicals 

PUREX Example 
A large amount and variety of non-radioactively contaminated chemicals were left when the 
PUREX plant went on standby in 1990. Hanford developed a process to sell usable chemicals to 
the commercial market to avoid having to dispose of them. More than two and one-half million 
pounds of chemicals have been sold. 

9.12.3 Transfer and Disposal of Contaminated Chemicals 
Reuse of contaminated chemicals requires a production operation which can use the material and 
for which the contamination does not create an operational or disposal burden. The potential for 
waste minimization as well as cost reduction are strong incentives for pursuing such alternatives. 

PUREX Example - Disposal of Solvent 
There was approximately 20,000 gallons of contaminated kerosene-like solvent left in the plant 
for which several disposal alternatives were evaluated. The selected option, considered to be the 
best in terms of safety and cost-effectiveness, was to send the solvent to a licensed, commercial 
incineration facility in Tennessee. This facility generates electricity from the destruction of the 
solvent. 

PUREX Example - Nitric Acid Disposition 

9.12.4 Disposal Choices 
When PUREX was ordered shut down in December 1992, a result was the placing in storage of 
approximately 200,000 gallons of concentrated nitric acid containing uranium at an average 
concentration of 11 grams per liter. The enrichment level of the uranium in the acid (0.92% U- 
235) is slightly above the level of naturally occurring uranium (0.71% U-235). The acid contains 
no appreciable plutonium (less than 1/2 gram of Pu total). The material could not be left in 
storage during the post-deactivation S&M period. 

The original plan for the acid (and the uranium in it) was to be treat it as a waste and transfer it to 
the Hanford Tank Farms for subsequent vitrification. The processing method for the 10 molar 
nitric acid was to sugar denitrate the material to approximately 1 molar acid in the PUREX 
canyon. 

However, the project team identified an alternative which would allow the acid to be reused 
instead of disposed as waste. There was no use for the surplus acid identified within the DOE 
complex, so private sector interest was solicited. This ultimately resulted in the transfer the acid 
fi-om Hanford, Washington to British Nuclear Fuels Limited at Sellafield, England. 
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9.12.5 Environmental Impact 
The concept of shipping the acid to England for use in a process similar to PUREX was first 
addressed under the National Environmental Policy Act (NEPA) as a Categorical Exclusion or 
(CX). After additional consideration, DOE determined that an Environmental Assessment 
would be prepared to evaluate potential environmental impacts. 

The Environmental Assessment analyzed the transfer and concluded that it will minimize waste 
and waste generation both at Hanford and on a global scale. The scope of the Environmental 
Assessment includes removal, land and ocean transport, and ultimate disposition of the shipping 
casks. 

Preparation, review and approval of the Environmental Assessment took many months. An Ad 
Hoc review committee, consisting of representatives fi-om three local interest groups, DOE and 
Westinghouse, was formed to facilitate document preparation and review. Subsequently, the 
draft document was sent to more than 200 individuals, states, Indian Nations, interest groups and 
affected public for public comment. Public meetings were held on the east coast at the three 
proposed shipping ports; Portsmouth, Virginia, Baltimore, Maryland and Newark, New Jersey. 
During the public comment period more than 50 inquiries for information, clarification or 
comment were addressed. 

A Finding of No Significant Impact or (FONSI) was approved by the Hanford Site Manager in 
May 1995. Shortly there after the first nitric acid shipments to England were made. 

In October 1994, Secretary O'Leary signed a memorandum authorizing consideration of 
shipment of 183,000 gallons of nitric acid containing slightly enriched uranium from the PUREX 
plant to the British Nuclear Fuels Limited Magnox Fuel Reprocessing plant at Sellafield, 
England. 

9.12.6 Shipping the Acid 
The shipping containers utilized to transport the nitric acid fi-om the Hanford site to England 
were designed and fabricated to the Department of Transportation specifications, the 
International Atomic Energy Agency (IAEA) requirements, the International Maritime 
Dangerous Goods (IMDG) requirements, and the ''Recommendations on the Transport of 
Dangerous Goods," prepared by the United Nations Committee of Experts. The containers are 
designed for radioactivity and corrosion from the acid. Shipments are designated Radioactive 
Material, Low Specific Activity per the Department of Transportation regulations. 

The shipping container has a maximum gross weight limit of 52,900 pounds. This limit 
accounts for the container's tare weight and the weight of the contents. The tank is sized to 
accept 3,725 gallons of acid to meet both weight and filling limits. Pre job safety meetings are 
held prior to loading the containers with acid. Containers are top loaded using a dip-leg and 
external pump. 
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A total of 16 shipping containers are utilized to optimize the shipping schedule in-conjunction 
with BNFL's processing capacity. Containers are shipped two per week and it takes 56 days to 
make a round trip from Hanford to Sellafield, England and back to Hanford. Containers of acid 
are dispatched from Hanford Site four hours apart, bound for one of the three possible east coast 
shipping ports. 

A safety meeting is held with the drivers prior to the shipments leaving the Hanford site. Prior to 
leaving the Hanford site the tractor, chassis and shipping container are inspected to defect free 
criteria per the North American Enhanced Container Vehicle Safety Alliance (CVSA) 
Specifications and Requirements. This inspection is not required for this type of radioactive 
shipment. However, these inspections are performed as a means to gather transportation data for 
statistical purposes. The containers are also inspected by the State Police upon arrival in 
Virginia. Each state, as they deem necessary, may inspect the shipments as they enter their 
borders. A total of 52 shipments are expected to be made by the end of December 1995. 

Additionally, although not required by Department of Transportation regulation or requirements, 
each shipment is tracked via TRANSCOM (a satellite tracking system) throughout the 
continental United State. During the shipping campaign, bi-weekly conference calls are 
conducted with officials of the states along all transportation corridors. 

Each week the two containers are loaded onto a ship bound for England. The containers are off- 
loaded at Felixstowe, England and placed on rail cars and sent to Sellafield. The contents of the 
containers are off-loaded and utilized in BNFL's B205 Magnox Fuel Reprocessing facility at 
Sellafield. 

As of October 10, 1995, a total of 42 container shipments (approximately 157,000 gallons) have 
been loaded and released from the Hanford Site. The acid is sent by trucks to East Coast ports 
and transferred to commercial cargo ships for the trans-Atlantic voyage. The 42 shipments have 
been via Portsmouth, Virginia. Port Elizabeth, New Jersey and Baltimore, Maryland are 
alternatives; the actual choice depend upon the commercial carriers' schedules. 

9.12.7 Bottom Line 
Although the campaign for transfer to England was arduous, abandoning the treatment option 
and pursuing reuse of the material was well worth doing. Along with other related changes to the 
project, it shortened the duration of the deactivation project by 10 months, resulting in cost 
avoidance of $37 million. 

9-43 



Blank Page 

9-44 



9- 1 



DOE/EM-0318 

U. S. Department of Energy 
Office of Environmental Management 

Office of Nuclear Material 
and Facility Stabilization 

(EM-60) 

FACILITY DEACTIVATION GUIDE == 

METHODS AND PRACTICES HANDBOOK 

EMPHASIZING END POINTS IMPLEMENTATION 

Revision 0 

December, 1996 



Acknowledgment 

This document has been developed for the Department of Energy, Office of Environmental 
Management, Office of Nuclear Material and Facility Stabilization, by: 

(DOE EM-62, Project Manager) A. Szilagyi 

D. Hamrick (PUREX Deactivation Project) 

J. Hayfield (PUREX Deactivation Project) 

L. Stefanski (PUREX Deactivation Project) 

L. Zinsli (PUREX Deactivation Project) 

M. Gerber (PUREX Deactivation Project) 

J. Stefan (PRTR Deactivation Project) 

B. Schwehr (B-Plant Deactivation Project) 

C. Negin (Oak Technologies) 

The end point methods described here build on original concepts and ideas of several individuals. 
The basic approach was created during the cleanup of the Three Mile Island Unit 2 by J. C. 
DeVine and C. A. Negin where it was used to define the completion of the cleanup prior to long- 
term storage. That method was modified for application at the Uranium Trioxide (U03) and 
PUREX facilities at Hanford during 1994. The developments described herein represents the 
work of many, but special recognition belongs to the staff at PUREX listed above. Department 
of Energy staff from the Richland Operations Office and Headquarters have also contributed. 
Helpful suggestions and comments have been incorporated from several individuals who 
reviewed the initial drafts. 

Input was also received from several other field offices, sites, and facilities. For the most part 
this tended to be in the area of project plans and program management. This has been 
incorporated to the degree it relates to the purpose. 

Use of the Information In this Handbook 

The method and examples described herein have been developed for the U.S. Department of 
Energy using public funds and as such reside in the public domain. Permission is granted for use 
of this information by anyone else for any purpose. Any private use which directly incorporates 
any of this material for commercial purposes, profit making or otherwise, must identify those 
portions which are in the public domain. 

1 



Contents 

Overview ........................................................................................................................... ix 
1 . Introduction ........................................................................................................................ 1-1 

1.1 The Deactivation Mission .......................................................................................... 1-1 
1.2 The Customer for a Deactivated Facility ................................................................... 1-4 
1.3 Purpose ofthe Handbook ........................................................................................... 1-4 
1.4 Note to Deactivation Project Managers .................................................................... . l -5 
1.5 Background - Deactivation Relative to Decommissioning ........................................ 1-6 
1.6 Example Cost Profile ................................................................................................. 1-9 

2 . Deactivation Management ................................................................................................. 2-1 
2.1 Viewing Deactivation in Two Phases for Complex Facilities ................................... 2-1 
2.2 Early Decisions .......................................................................................................... 2-2 
2.3 Detailed End Points .................................................................................................... 2-4 

2.5 Project Approach for a Complex Facility .................................................................. 2-7 

3.1 The Need for End Point Specifications ...................................................................... 3-1 
3.2 The Need for a Method to Derive End Points ............................................................ 3-2 
3.3 Guiding Principles for Specifying End Points ........................................................... 3-3 
3.4 Graded Approach ....................................................................................................... 3-4 
3.5 Headquarters, Field Office, and Contractor Roles ..................................................... 3-5 

3.5.1 Headquarters Role ............................................................................................. 3-5 
3.5.2 Field Office Role ............................................................................................... 3-6 
3 S.3 Deactivation Contractor Role ........................................................................... 3-6 

3.6 Level of Authority Within an Organization ............................................................... 3-7 
3.7 Contractor Organization Functions for End Points Implementation ......................... 3-8 
3.8 Training and Walkdown Guidance for the Facility Engineers .................................. 3-10 

4 . End Points Completion and Turnover ................................................................................ 4-1 
4.1 Overview of Turnover ................................................................................................ 4-1 
4.2 Turnover Checklists ................................................................................................... 4-3 
4.3 End Points Closeout ................................................................................................... 4-6 

4.3.1 Need for a Closeout Method ............................................................................. 4-6 
4.3.2 End Point File Description ................................................................................ 4-7 
4.3.3 Examples of End Point Closeout Methods ....................................................... 4-9 

5 . Hierarchical End Points Method ........................................................................................ 5-1 
5.1 Setup Phase ................................................................................................................ 5-1 

5.1.1 Step 1 - Define Top Tier Objectives ................................................................. 5-1 
5.1.2 Step 2 - Task Types ........................................................................................... 5-7 
5.1.3 Step 3 - Classification of the Facility ................................................................ 5-7 

2.4 Graded Approach for Non-Complex Facilities .......................................................... 2-6 

3 . End Points Management .................................................................................................... 3-1 

4.3.4 Closeout Method Key ....................................................................................... 4-10 

.. 
11 



5.2 Specification Phase .................................................................................................... 5-9 
5.2.1 Step 4 . Level 1 . Functional Matrix ................................................................. 5-9 
5.2.2 Step 5 . Level 2 . End Point Criteria ................................................................. 5-18 
5.2.3 Steps 6 & 7 . Level 3 . Facility Definition and Case Assignment .................... 5-18 
5.2.4 Step 8 . Level 3 . End Point Specification and Implementation Notes ............ 5-19 

5.3 Examples of Detailed End Point Criteria ................................................................... 5-23 
5.3.1 Case 1 Criteria . Internal Spaces, Routine Access Required ............................ 5-23 
5.3.2 Criteria . Internal Spaces for Which Access is Not Expected .......................... 5-26 
5.3.3 Case 3 Criteria . External Spaces Including Building Exterior Envelopes ....... 5-29 
5.3.4 Case 4 Criteria . Systems/Equipment Which Must be Kept Operational ......... 5-32 
5.3.5 Case 5 Criteria . Systems/Equipment to be Mothballed ................................... 5-34 
5.3.6 Case 6 Criteria . Systems/Equipment to be Abandoned in Place ..................... 5-36 

6 . Checklist End Points Method ............................................................................................ 6. 1 
6.1 Setting up an End Points Checklist ............................................................................ 6-1 

6.1.1 Step 1 . Checklist Template .............................................................................. 6-1 
6.1.2 Step 2 . Facility Groups by Physical Boundaries ............................................. 6-4 
6.1.3 Step 3 . Create an Applicability Matrix ............................................................ 6-4 
6.1.4 Step 4 . Specific Considerations ....................................................................... 6-4 
6.1.5 Step 5 . End Point SpecificatiodCloseout Checklist(s) ................................... 6-5 

6.2 Checklist Examples .................................................................................................... 6-5 
6.2.1 Checklist End Point Examples .......................................................................... 6.5 
6.2.2 Applicability Matrix Example .......................................................................... 6-5 
6.2.3 Example of Check List Step 2, Checklist Items ............................................... 6-6 

7 . Deactivation Work Plans ................................................................................................... 7-1 
7.1 End Points Relation to Work Packages ..................................................................... 7-1 
7.2 Work Definition Package ........................................................................................... 7.2 
7.3 Work Plans ................................................................................................................. 7.4 
7.4 Use of Procedures ...................................................................................................... 7-6 
7.5 Example of a Work Plan ............................................................................................ 7-6 

7.5.1 Initial Assessment ............................................................................................. 7.8 
7.5.2 House Keeping and Waste ................................................................................ 7-8 
7.5.3 Services and Utilities ........................................................................................ 7. 10 
7.5.4 Process Hardware .............................................................................................. 7-13 
7.5.5 Building ............................................................................................................ 7. 14 
7.5.6 Close-out ........................................................................................................... 7-15 

8 . Post-Deactivation Surveillance and Maintenance Planning .............................................. 8. 1 
8.1 Dependence of End Points Planning on S&M Planning ............................................ 8-1 
8.2 Primary Surveillance Concerns .................................................................................. 8-2 
8.3 Typical Deactivation S&M Plan Contents ................................................................. 8-2 
8.4 Example of a Post-Deactivation S&M Plan ............................................................... 8-4 

... 
111 



9 . Deactivation Practices ........................................................................................................ 9-1 

9.1.1 Retaining and Archiving Records ..................................................................... 9-1 
9.1.2 Cost-Benefit Evaluations to Choose Among Deactivation End Points ........... 9-4 

9.2 General Cleanup ......................................................................................................... 9-5 
9.2.1 Housekeeping .................................................................................................... 9-5 

9.3 Decontamination ........................................................................................................ 9-6 
9.3.1 Flush Surface Areas .......................................................................................... 9-6 
9.3.2 Cleanout and Flushing Systems ........................................................................ 9-7 

9.1 Administrative and Paper Processes .......................................................................... 9-1 

9.4 Contamination Migration Control ............................................................................. 9-10 
9.4.1 Bird and Animal Proofing ................................................................................. 9-10 

9.4.3 Contamination Migration Barriers .................................................................... 9-12 
9.4.4 Glovebox Isolation ............................................................................................ 9-12 

. .  9.4.2 Sealants and Fixatives Use ................................................................................ 9-11 

9.5 Ventilation to Support Post-Deactivation S&M ........................................................ 9-17 
9.6 Fire and Flooding Protection ..................................................................................... 9-18 

9.6.1 Fire Protection ................................................................................................... 9-18 

9.7 Establishing Passive Conditions ................................................................................ 9-20 
9.6.2 Inleakage and Flooding Protection ................................................................... 9-19 

9.7.1 Facility Isolation ............................................................................................... 9-20 
9.7.2 Electrical De-energizing ................................................................................... 9-21 
9.7.3 Abandon in Place - Equipment and Systems .................................................... 9-22 
9.7.4 Draining of Systems .......................................................................................... 9-24 

9.8.1 Structural Assessment ....................................................................................... 9-25 
9.8.2 Roof Integrity Evaluation ................................................................................. 9-26 

9.9 Nuclear Material ........................................................................................................ 9-27 

9.9.2 Glovebox Endpoint Criteria for Criticality Prevention ..................................... 9-28 
9.9.3 Glovebox Endpoint Criteria for Radiological Control ...................................... 9-34 

9.10.1 Identify Industrial hazards .............................................................................. 9-35 

9.10.3 Tagging and Labeling ..................................................................................... 9-36 

9.10.5 Surveillance of Sealed Out-Buildings ............................................................. 9-38 
9.10.6 Drain Systems ................................................................................................. 9-38 

9.1 1.1 Mothballing Decisions .................................................................................... 9-38 

9.8 Structural Stability ..................................................................................................... 9-25 

9.9.1 Transfer of Physical Inventory Holdup as Normal Operating Loss .................. 9-28 

9.10 Worker Support and Protection During Post-Deactivation S&M ............................ 9-34 

9.10.2 Signs for Deactivated Equipment and Areas .................................................. 9-35 

9.10.4 Electrical System for Post-Deactivation S&M ............................................... 9-37 

9.1 1 Support for Future Decommissioning ...................................................................... 9-38 

iv 



9.12 Reuse of Material and Equipment ............................................................................ 9-40 
9.12.1 Salvage and Re-use of Equipment .................................................................. 9-40 
9.12.2 Sale of Hazardous Chemicals ......................................................................... 9-40 
9.12.3 Transfer and Disposal of Contaminated Chemicals ........................................ 9-40 
9.12.4 Disposal Choices ............................................................................................. 9-40 
9.12.5 Environmental Impact ..................................................................................... 9-41 
9.12.6 Shipping the Acid ........................................................................................... 9-41 
9.12.7 Bottom Line .................................................................................................... 9-42 

10.1 Project Management Plan Organization .................................................................. 10-1 
10.2 Decoupling from Decommissioning Decisions (or not) .......................................... 10-2 
10.3 Contiguous Facilities ............................................................................................... 10-2 
10.4 Scheduling ................................................................................................................ 10-3 
10.5 Use of Independent Reviewers ................................................................................ 10-3 
10.6 Safety Documentation .............................................................................................. 10-4 
10.7 Regulatory Interaction ............................................................................................. 10-4 
10.8 Stakeholder Interaction ............................................................................................ 10-6 

10 . Some Project Management Lessons Learned .................................................................. 10-1 

V 



Tables 

Table i . Recommended Minimum Reading .......................................................................... x 

Table 3-1 Considerations for Choosing an End Points Method ............................................ 3-5 
Table 3-2 Suggested Levels of Authority .............................................................................. 3-8 
Table 4- 1 Administrative Turnover Package Checklist Items ............................................... 4.3 
Table 4-2 Technical Turnover Package Checklist Items ....................................................... 4.5 
Table 4-3 S&M Turnover Package Checklist Items .............................................................. 4-6 
Table 4-4 End Point Files ...................................................................................................... 4-8 
Table 4-5 Abbreviations for Closeout Signoff ....................................................................... 4-11 
Table 5-1 Legend for Functional Matrices ............................................................................ 5-10 
Table 5-2 Functional Matrices Fill Density ........................................................................... 5-18 

Table 2- 1 Project Organization Responsibilities ................................................................... 2.9 

Table 5-3 Facility Assignment ............................................................................................... 5-20 
Table 6- 1 Checklist Method Completion Criteria ................................................................. 6-3 

Table 6-4 Waste and Liquid Effluents Checklist Items ......................................................... 6-10 

Table 6-7 Service and Utility Systems and Equipment Checklist Items ............................... 6-11 

Table 6- 10 Hazardous Materials Checklist Items .................................................................. 6-12 

Table 6-2 Post-Deactivation Access and S&M Preparation Checklist Items ........................ 6-9 
Table 6-3 Facility Structure Checklist Items ......................................................................... 6-10 

Table 6-5 Personnel Safety Checklist Items .......................................................................... 6-10 
Table 6-6 Process Systems and Equipment Checklist Items ................................................. 6-11 

Table 6-8 Radiation Protection Checklist Items .................................................................... 6-12 
Table 6-9 Nuclear Materials Checklist Items ........................................................................ 6-12 

Table 6-1 1 Housekeeping and Miscellaneous Materials Checklist Items ............................. 6-13 
Table 6-12 Space, Room, and Area Disposition After Deactivation ..................................... 6-13 
Table 6- 13 System Disposition After Deactivation ............................................................... 6-14 
Table 6- 14 Format for Final Checklist ................................................................................... 6-15 
Table 6- 15 Applicability Matrix Example ............................................................................. 6-16 
Table 7-1 Example of End Point Subjects in a Single Work Plan ......................................... 7-2 
Table 7-2 Definition Package Content ................................................................................... 7-3 
Table 7-3 Outline for a Work Plan Template ........................................................................ 7-5 

vi 



Figures 
.. Figure i . Handbook Subject Map .......................................................................................... xu 

Figure 1-1 Mission, Expectations, and End Points Perspective ............................................. 1-2 
Figure 1-2 Surplus Facilities Disposition Phases ................................................................. 1-8 
Figure 1-3 Example Deactivation Cost Profile ..................................................................... . 1-9 
Figure 2-1 Two Phases of End Point Development ............................................................... 2-1 
Figure 2-2 End Points Input to Project Management ............................................................. 2-4 
Figure 2-3 Deactivation Sequence for Limited Facilities ...................................................... 2-7 
Figure 2-4 Complex Facility Deactivation Steps ................................................................... 2-8 
Figure 3- 1 Deactivation Contractor Organization Key Functions ......................................... 3-9 
Figure 5- 1 Overview of Hierarchical End Points Method ..................................................... 5-2 
Figure 5-2 Expanded Detail of the PUREX Derived Method ............................................... 5-6 
Figure 5-3 Proceeding from the Definition Phase ................................................................. 5-11 
Figure 5-4 Case 1 Functional Matrix ..................................................................................... 5-12 
Figure 5-5 Case 2 Functional Matrix ..................................................................................... 5-13 

Figure 5-7 Case 4 Functional Matrix ..................................................................................... 5-15 
Figure 5-6 Case 3 Functional Matrix ..................................................................................... 5-14 

Figure 5-8 Case 5 Functional Matrix ..................................................................................... 5-16 
Figure 5-9 Case 6 Functional Matrix ..................................................................................... 5-17 
Figure 5-10 End Points Specification Path (Example) .......................................................... 5-21 
Figure 5-1 1 End Points Completion Format .......................................................................... 5-22 
Figure 6-1 Checklist Setup ..................................................................................................... 6-2 

vii 



Blank Page 

... 
Vlll 



OVERVIE w 
In July 1995 the Office of Nuclear Material and Facility Stabilization (EM-60) published its 
Project Policies and Supplementary Information guidance that presents DOE/EM-60 policies for 
planning, managing, and conducting its projects. The policy requires that a formal project 
management approach be used, and presents the basic project management concepts and proven 
system engineering tools for stabilization and deactivation projects. The standardized project 
approach established in this guidance includes deactivation end points as one of its core 
elements. Consistent with this policy, each deactivation' project must address the fundamental 
question: 

How do you know when the project is complete? 

Just as the design specifications are essential to a construction project, specifying "end points" is 
the key to answering this question for deactivating a facility. Specifying and achieving end 
points is a systematic, engineering way of proceeding from an existing condition to a stated 
desired final set of conditions in which the facility is safe and can be economically monitored 
and maintained2. An end point method is a way to translate broad mission statements to explicit 
goals that are readily understood by engineers and craft personnel who do the work. 

The end points concepts and ideas are not original. However, while their application to surplus 
facilities deactivation projects is relatively new, experience specific to deactivation is 
accumulating. The purpose of this handbook is to make available field-developed and applied 
experience to all of EM-60's projects to support formalizing an approach for end point planning, 
conducting the work, and documenting the results. As such, the handbook itself is anticipated to 
evolve over the next couple of years as additional field deactivation experience is accumulated. 

Specific end points will vary from facility to facility. The method(s) by which facility-specific 
end points are defined should, however, be consistent. Therefore, this handbook does not (and 
cannot) attempt to define what end points should be. Rather, it provides methods by which each 
project's manager can derive their facility's end points based on objectives and principles 
common to all deactivation. A longer term goal is to relay field experience for tasks and 
practices that implement deactivation, some of which has been included in the final two chapters. 

It is fundamental to project management that some approach of this type be used. This handbook 
can provide a quick startup. However, the content of this handbook is not an order, and there is 
no requirement to use it as is. Field offices and contractors should tailor the methods to their 
individual site situations. The details should be viewed as a report of experience; not as imposed 

The term "deactivation" is used throughout this handbook. Readers should understand that much of the method 
can also be adapted to projects for material and facility stabilization, regardless of whether deactivation is also an 
objective. 
It is recognized that while end-points are defined as the final set of conditions for deactivation, they may represent 
an interim point for the overall EM cleanup goal. 
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methods. While most of the content of this handbook relates directly to project management and 
project engineering, it is not intended to be a complete reference for deactivation project planning 
nor is it a method for overall project management planning. It provides support primarily for one 
important aspect of project management; namely, identifying the targets for completion of 
deactivation. 

Figure i provides a map to the contents herein. The handbook is best read in its entirety by 
anyone with management or engineering responsibility for deactivation projects. However, 
depending on your job, you may be interested in only certain chapters of this handbook. Table i 
indicates recommended minimum reading for various job functions. 

Individual's Job Type 

All readers. 

Facility and project managers with overall responsibility 
for deactivation planning. 
Engineers and managers responsible for overall 
deactivation coordination and end point implementation. 
Supervisors, workers, and engineers responsible for 
deactivation work. 

Recommended Minimum Reading For Job 
Responsibility 

Chapter 1 - provides an overview of the purpose and 
background on EM-60's mission. 
Chapters 2, 3,4, and 10 address planning and 
management. 
All. 

Chapters 4 through 7,9 and 10 which focus on end point 
methods, work plans, deactivation practices, and 
management lessons learned. 

SUMMARY OF CONTENTS 

In summary, the subject contents of the handbook are: 

Chapter 1 provides the purpose, background, and rationale for end points methods as an 
integral part of deactivation project management. 

Chapter 2 addresses the question: When does one specify end points? As  one of several 
hndamental project planning functions, end point specifications must be applied early 
enough so that results can be used for budget and schedule input. This chapter also 
discusses the priority of early deactivation decision making and activities that should be 
conducted before determining detailed end points. 

Chapter 3 addresses the question: Where does an end points method fit in deactivation 
project management? This chapter discusses the project organization functions and 
responsibilities for managing the end points specification and implementation. 

Chapter 4 addresses the question: What is required to complete the deactivation project 
and turn the facility over to the follow-on custodian? This chapter discusses types of 
documentation that should be considered and methods for assuring that end points have 
been accomplished as specified. 

Chapters 5 through 8 contain the bulk of this handbook which is material for 
implementing the end points approach. Detailed examples that have been successfully 
applied in the field are included. 

X 



Chapters 5 and 6 present two methods to develop end point specifications which have 
evolved from use in the field for deactivation projects. 

- The hierarchical method in Chapter 5 is systematic, comprehensive, and completely 
defensible as to the basis for each specification. This method may appear complex to 
the uninitiated, but it is a straightforward application of a systematic engineering 
approach. It is labor intensive only during the final stage. This method is appropriate 
to the type of project involving a complex facility that contains process systems and a 
variety of contaminated areas or other hazards. 

- The checklist method in Chapter 6 is an approach that is more appropriate to facilities 
which require less detailed planning, such as for industrial type buildings which are 
relatively uncontaminated, without or with only a few process systems, and without 
or with minimal chemical hazards. The checklist method is consistent with a graded 
approach to planning, in which the level of detail is appropriate to the complexity and 
risks of the project. 

Chapters 7 and 8 respectively address deactivation work plans and post-deactivation 
surveillance and maintenance (S&M) planning, both of which are closely related to 
implementing end point methods. However, they are not a direct part of the 
methodologies presented. 

Chapter 9, "Deactivation Practices," presents several subjects of how to achieve end 
points. Its purpose is to present a range of experience in carrying out a variety of 
deactivation type work. 

Chapter 10 contains lessons learned abstracted from the PUREX deactivation history3 and 
has a project management focus. 

D. G. Hamrick and M. S. Gerber, PUREWU03 Facilities Deactivation Lessons Learned History, WHC-SP-1147, 
Rev l., September 1996. 
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End Point Methods 
Hierarchical 

Lessons Learned 

Arrows indicate the logical sequence of subjects. 

Figure i - Handbook Subject Map 
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SUMMARY OF CHANGES 

The original version of this handbook was issued in November 1995 for use as Draft 3 and titled 
"Facility Deactivation End Points Handbook." This summary of changes is provided for the 
convenience of those who have used the first version. 

Overall, the document has been re-structured into 10 chapters instead of two volumes. Where 
there were separate sections in the previous draft for subject descriptions and examples, they 
have now been put together in a single chapter. For example, description of an S&M plan and 
the U 0 3  example of the same. 

In addition to addressing the many comments received on the prior draft, there is a substantial 
amount of new material as follows. 

Chapter 1. Introduction 
Amplifies the concept of the Field Office and EM-40 as the ttcustomer" for the deactivation 
project. It addresses 3 levels of end point detail and also includes PUREX cost experience as a 
graph to complement the hypothetical diagram. 

Chapter 2. Deactivation ManarJement 
Now includes the B-Plant approach for organizing a deactivation project in terms of teams and 
responsibilities. Better links the graded approach to the checklist method. 

Chapter 3. End Points Management 
Added discussion on the graded approach and use of the checklist method vs. hierarchical. Also 
brought forward "principles of end point development" that were formerly in a later chapter. 

Chapter 4. End Points Completion and Turnover 
A completely new and important subject. This has evolved to some degree in response to the 
DNFSB questions at Hanford about how end points are validated. There are related revisions in 
other chapters (for example, the authorities table in Chapter 3). 

Chapter 5. Hierarchical End Points Method 
For the most part, this material is unchanged. 

Chapter 6. Checklist End Points Method 
This is a comprehensive re-write of the checklist method with new material to show how to 
systematically derive checklists from the top level criteria (which are an "organized" version of 
the original EM-40 list of 40 or so statements in their original guidance document). Wrapping 
this into a systematic method should make it more palatable to the DNFSB. Much of the 
checklist examples and matrices were taken from the PRTR project at Hanford which was 
developed in cooperation with the ER contractor, BHI. 

... 
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Chapter - 7. Deactivation Work Plans 
Added the B-Plant "Definitions Package" approach which provides additional detail on how end 
points fit into the specifications for deactivation work tasks, as well as the complete content of a 
work package. 

Chapter - 8. Post-Deactivation Surveillance and Maintenance Planning 
For the most part, this material is unchanged. 

Chapter 9. Deactivation Practices 
This is what was formerly Volume 2. The only changes have been to add a practice on structural 
inspection and elaborate on inspecting for roof integrity. 

Chapter 10. Some Project Management Lessons Learned 
This is a new chapter mostly adapted from the PUREX report of similar title, plus a discussion of 
how to address contiguous facilities. 
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Los Alamos National Laboratory 
Los Alamos, New Mexico 87545 memorandum 

TO: R. Schultz, EG&G, Manager, 
Duct Remediation, T371A 

June 28, 1991 

mo~: Duane S. Catlett, LATO/RF MAILSTOP~LEPHONE: Bldg. T130N2978 

SYMBOL: NM/RFTO:91-234 

SUBJECT: RFP FINAL REPORT FOR PEER REVIEW OF DUCT 
HOLDUP MEASUREMENT PROGRAM 

Enclosed is the final report, “EG&G Rocky Flats Duct Holdup Measurement Program: 
Major Observations and Recommendations of the Peer Review” (LA-UR-91-2104). This 
document includes, as an appendix, the formal technical peer review report, “Technical 
Peer Review of Rocky Flats Duct Holdup Measurement Program” (N-1-91-580), prepared 
at the request of EG&G by the Nuclear Technology and Engineering Division of Los 
Alamos National Laboratory. 

The major conclusion of the review is that the holdup measurement methodology is sound; 
thus, the raw measurement data are good and there is no need to repeat any measurements. 
We do, however, recommend immediately implementing certain steps in the analysis 
methodology. The objective must be to generate the best technical estimates of the actual 
amount of material present in the ducts. Because of the past practice of introducing known 
positive biases in the analysis to be certain of being conservative, the analyses can generate 
higher holdup values than are actually present. This overly conservative approach to 
analysis methodology can hinder the ability to make the proper technical decisions. These 
recommendations should reduce the amount of remediation or replacement required, thus 
saving both time and money without compromising safety. These recommendations are as 
follows: 

1. Eliminate known biases, 
2. Establish measurement uncertainty based on technical experience, and 
3. Optimize use of far-field and contact measurements. 

We make two additional recommendations, that should also lead to improved estimates of 
the actual amount of remediation or replacement required with no loss in safety margin. 
There will be less-immediate impact to the program in these cases because of the longer 
time necessary to collect the data to enable their results to be exploited. These 
recommendations are to (1) estimate the amount of plutonium fixed in the ducts and seek to 
exempt this amount from the 400-g limit, and (2) better-characterize uncertainties. 

Additional copies of the report are available upon request. If you have any questions 
concerning the report please contact me. 
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--EGhG Rocky Flats Duct Holdup Measurement Program: 

Major Observations and Recommendations 

of the Peer Review 

This summary document was prepared by Los Alamos National Laboratory 
(LANL) at the request of the Department of Energy, Rocky Flats Office (DOE/RFO) 
to provide a concise, interpretive management overview of the results of the 
technical peer review (Appendix A) performed by the Nuclear Technology and 
Engineering Division at LANL. 

1.0 Overview 

In a December 1990 letter to J. Zane, General Manager of EG&G Rocky Flats, Inc. 
(EG&G/RF), R Nelson, DOE/R.FO Manager, requested that EG&G/RF obtain an 
independent peer review of the NDA measurements methodology being used in 
the Duct Remediation Program at Rocky Flats. EG&G/RF requested that the 
review be conducted by the LANL Safeguards Assay Group. On 2/25/91, the 
DOE/RFO Manager approved the project, which was to be coordinated through 
LATO/RF. 

The overall conclusion is that the duct holdup measurement program is 
sound and there is no need to repeat any measurements. However, conservatism 
designed into the analyses to widen the criticality safety margin can cause 
unnecessary costs and schedule delays without providing a meaningful increase in 
safety. This document makes recommendations for improvements to the program 
to facilitate the decision-making process. 

2.0 Review Process 

The technical peer review team was composed of two staff members from the 
Safeguards Assay Group at Los Alamos National Laboratory (LANL), one staff 
member from the Safeguards Systems Group at LANL, and one staff member from 
the Los Alamos Technology Office at Rocky Flats (LATO/RF). 

The on-site review, which was conducted on 4/24/91,  consisted of technical 
discussions with Safeguards Measurements Personnel, observation of calibration 
and measurements activities, and review of documentation. The peer review 
team then prepared a draft report. After the report was validated for accuracy by 
EG&G/RF on 4/29/91, it was distributed to DOE/RFO, EG&G/RF, and LANL for 
comment on 5/1/91. The final draft report was completed on 5/20/91; it will be 
distributed, appended to this document, on 6/28/91. 
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3.0 Review Scope 

The subject of the technical peer review was the measurement methodology 
presently used in the RFP Phase II Duct Measurement Program. The report deals 
with all aspects of the methodology, including detector setup, calibration, holdup 
measurement, data analysis, measurement errors, and final error propagation. We 
believe that this report constitutes a thorough review of the RFP Phase 11 duct 
measurement methodology. The peer review did not include an audit or 
evaluation of the large quantity of measurement data acquired during either Phase 
I or Phase 11 of the EG&G/RF duct measurement program. 

4.0 Maior Conclusions and Recommendations 

The peer review concluded that the duct holdup measurement program is 
technically sound, the collected data are good, and, therefore, repeat measurements 
are unnecessary (see Sections 5.1 and 5.2). The data analysis methodology, 
however, incorporates known biases that artificially increase the conservatism of 
the measurement results and unnecessarily widen the criticality safety margin at 
potentially significant cost to the program. 

The observations fall into two major categories: (I) those that merit 
immediate attention to reduce unnecessary duct remediation or replacement, and 
(2) those longer-range recommendations that would improve overall efficacy of 
the measurement program but are not necessary for the resumption effort. 

4.1 Recommendations Meriting Immediate Attention to Reduce Unnecessarv 
Remediation/ Replacemen; 

We believe the following conclusions should be noted and the recommendations 
immediately implemented because they will lead to more accurate estimates of the 
actual amount of remediation or replacement required under existing criteria, 
thereby maintaining safety while saving time and money. Implementing these 
recommendations could lead to significant program cost savings and reduced 
delays in schedule without compromising the safety objectives of the remediation 
project. 

4.1.1 
methods were designed to introduce known sources of positive bias to ensure 

Eliminate Known Biases (see Section 5.3). Present data analysis 

that results are conservatively on the high side. The result 
actual holdup, thus conceivably forcing the remediation of 
activity levels lower than the 400-g limit. We recommend 
biases be removed from the data reduction process. 

is a masking of the 
ducts that have 
that all such known 
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4.1.2 
(see sections 5.4 and 5.5). At present, EG&G/RF is applying a 100% uncertainty 
to the measurement results. More accurate remediation decisions will be made 
when the S O %  uncertainty can be technically justified and used. In many 
cases, the +loo% value is overly conservative relative to published facility 
experience [’Tassive Nondestructive Assay of Nuclear Materials,” Los Alamos 
National Laboratory report LA-UR-90-732 (January 1991), prepared for US. 
Nuclear Regulatory Commission]. Based on technical judgment, we 
recommend that, for those cases described in Section 5.5, EG&G/RF adopt the 
S O %  uncertainty that was used in the original Scientech assessment (SCIE- 

Btablish Measurement Uncertaintv Based on Technical Experience 

DOE-201-89). 

4.1.3 
5.4, and 5.5). We recommend that EG&G/RF increase its use of far-field 
measurements, when appropriate. When the room layout and duct 
arrangement permit, far-field measurements may be more efficient, saving 
time and money in the data accumulation and analysis process, and they 
should also be less sensitive to the distribution of material in the duct. Both 
contact and far-field measurements have strengths and weaknesses; when 
possible, they should be used together in a manner that enables them to 
complement each other. The final report of the technical peer review 
(Appendix A) discusses this topic further. 

Optimize Use of Far-Field and Contact Measurements (see Section 5.2, 

4.2 Recommendations With Less-Immediate Impact on Measurement Program , 

The following recommendations are intended to further enhance the efficacy of 
the measurements program in the future. They will reduce unnecessary work, 
leading to additional time and cost savings, and ultimately will provide more 
technically defensible results. These tasks are longer term and do not impact the 
intended criticality safety margin; therefore, they should not affect planned 
remediation and resumption activities. 

4.2.1 
DOE Complex experience with remediation, some of the remediation residue is 
fixed to the duct, and thus cannot constitute a criticality hazard. Attempting to 
remediate or strip ducts with fissile material known to be fixed and 
nonremovable leads to needless expense and program delays. We recommend 
that EG&G/RF consider (1) performing a study to determine the quantity of 
such material and (2) seeking an exemption of it from the 400-g limit 
established for material that could conceivably contribute to a criticality 
accident. 

Plutonium Fixed in Ducts (see Section 5.8). Based on the collective 

4.2.2 
Determining and validating the lowest uncertainty criterion requires an 
increased body of holdup measurement data. We recommend that, as the 

Bettercharacterize Uncertainties (see Section 5.4 and 5.5). 
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program pwcceds, EG&G /RF perform uncertainty and bias characterization 
studies. This could be done in a number of ways, including the following (in 
order of increasing complexity): 

a. Increase the existing body of measurements of a typical duct such that 
the sample variance provides an estimate of the measurement 
uncertainty. Measurements by independent techniques would cross- 
validate results. 

b. Continue to compare duct measurements before and after 
remediation with measurements of the amount of material removed 
from the duct. 

c Perform a controlled, multiparametric study of the uncertainty terms. 
Clearly, such rigorous effort should be exerted only if warranted by the 
alternatives (e.g., remediation or removal), and only to the extent that 
major uncertainty terms need to be quantified. 

5.0 Results of SDec ific EG&G /RF-Reauested Review ToDicS 

Following are brief synopses of the results contained in the final report from the 
technical peer review (Appendix A) for the specific review topics requested by 
EG&G/RF in the statement of work. 

5.1 Evaluation of Calibration Standards, Detector Setup, and BGO Calibration 

5.1.1. Observations. EG&G/RF uses bismuth germanate (BGO) detectors for , 

contact holdup measurements. Procedures call for high-puri ty germanium 
(HPGe) detectors when far-field measurements are performed. The calibration 
standard is a 5-g Pu@ source certified to better than 1% accuracy. 

consistent with standard practice. The peer reviewers observed that they are 
closely followed in practice. 

Written procedures for system calibration and setup are clear, thorough, and 

5.1.2 
obtained for the measurement program, and detector calibrations are performed 

Conclusion. Adequate detectors and calibration standards have been 

correctly. 

5.1.3 Recommendation. None. 

5.2 Evaluation of Measurement Procedure 

5.2.1. 
predominantly used in the duct holdup measurement program. Contact 
measurements have been well suited to the physical conditions under which 
most measurements must be made. Procedures have been thoroughly 
developed and are well documented. 

Observations. Contact measurements are the technique 
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5.2.2 Conclusion. Measurements are being performed with an appropriate 
level of measurement control and documentation. Making a larger proportion 
of the measurements in the far-field geometry would decrease the number of 
measurements that must be taken, decrease measurement time, provide cross- 
validation with contact measurements, display reduced sensitivity to the 
distribution of material in the ducts, and contribute to reduced uncertainties. 

5.2.3 Recommendation. EG&G/RF should, in the future, use a larger 
number of far-field measurements in concert with its contact measurements, 
where duct and room geometries permit. Far-field measurements should 
include BGO detectors and not be limited to HPGe. A comparison of contact 
and far-field measurements would provide validation of results, could 
improve error estimates, and should confirm assumptions about material 
distribution. 

5.3.1. 
against the data entry sheets. After this step, data processing is automated. The 
computer program corrects for background, estimates deposit width, accounts 
for duct wall attenuation, and compares results with detection limits. Holdup 
mass between two adjacent measurement points is calculated by averaging their 
point assays and multiplying by the distance between them. 

Observations. Data are entered into a computer file and checked 

5.3.2 Conclusion. The treatment of detection limits in the computations 
introduces a positive bias on measured holdup. There is an error in the pipe 
attenuation correction that introduces a small positive bias in the holdup 
results. The background subtraction method may also contribute a positive 
bias. The contact measurement analysis overestimates the deposit width when 
it is applied to ducts in which the deposit resides in the bottom. The contact 
method may underestimate the holdup in low-level or remediated ducts. It 
does underestimate holdup when the deposit extends up the sides of the duct 
and out of the detector field of view. 

5.3.3 
more accurate technical results. E@&G /RF should integrate unmodified point 
assays to minimize the positive bias from propagating detection limits, which 
will result in more realistic estimates, particularly for low-level ducts. 

EG&G/RF should apply a new width model to the contact measurement 
data for which the top-to-bottom count-rate ratio is less than one. This model 
has already been developed and validated. It will produce more realistic (lower) 
holdup estimates. Low-level ducts should be measured by using a far-field 
geometry, or they should be assumed to bear uniform annular deposits if 
measured at contact. 

Recommendation. Known biases should be eliminated to produce 
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5.4 Evaluation of Available Comparison Measurements 

5.4.1. Observations. Comparative data are limited. In a "Field Precision 
Study," separate teams at different times conducted repeat measurements of 
selected ducts in Building 707 and Building 771, using contact and far-field 
geometries. Far-field point assays were typically higher for high duct loadings 
b2.4 g/ft). A separate study on Line 43C, Building 771, showed excellent 
agreement between the contact and far-field methods. Cleanout data for one 
duct in Building 707 compare with NDA estimates within 50%. 

5.4.2 Conclusion. Comparison measurements are encouraging. 
Additional data would be helpful to provide more defensible results. 

5.4.3 
comparing contact and far-field measurements with each other and with duct 
cleanout data as the program proceeds. These measurements will cross-validate 
techniques and increase the understanding of measurement biases and 
uncertain ties. 

Recommendation. EG&G/RF should increase its emphasis on 

5.5 Estimate of Measurement Precision and Accuracy 

5.5.1. Observations. Holdup measurement errors are difficult to estimate. 
To the best of our knowledge, no facility has ever performed a rigorous study of 
these errors. At present, EG&G/RF is applying an uncertainty of +,loo% to the 
measurement results . 
5.5.2 
contact method if the assumption is made that material is deposited in the 
bottom of the ducts. Where this assumption can be corroborated by far-field 
measurements, side contact measurements, a top-to-bottom count-rate ratio less 
than one, or remote video inspection, EG&G/RF can be confident in its contact 
measurement results. However, for far-field measurements or for contact 
measurements in which the bottom-deposit assumption can be corroborated, 
applying a f100% uncertainty is excessively conservative. Experience to date 
indicates that the accuracy of holdup measurements is &SO% or better (LA-UR- 

Conclusion. There is the potential to underestimate holdup with the 

90-732, NUREG /CR) . 
5.5.3 
we recommend that EG&G/RF institute a f50% uncertainty: 

Recommendation. For results obtained using the following methods, 

1. far-field measurement geometry; 
2. contact measurement of low-level ducts for which an annular-deposit 

geometry is assumed; or 
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3. cmtact measurements of ducts for which a bottom-deposit geometry 
is assumed and corroborated. 

5.6 Evaluation of Existinn - Algorithms - for Measurement Uncertaintv and 
Detection Limit 

5.6.1. 
measurement uncertainty adequately deal with known uncertainty terms. The 
detection limit theory is sound. 

Observations. The detailed algorithms EG&G/RF uses for 

5.6.2 
and detection limit are basically sound. 

Conclusion. The existing algorithms for measurement uncertainty 

5.6.3 
the overall analysis method, using the algorithms and theory, needs 
improvement, as discussed in Section 5.3.) 

Recommendation. None. (Although the algorithms are adequate, 

5.7 Guidelines for Statistical SamplinP Plan and Variance Propagation 

5.7.1. 
Sampling Plan appear to be justified. However, the propagation of only 
random uncertainties in the Plan underestimates the overall uncertainty. The 
Sampling Plan uncertainties are not applied to the reported measurement 
results. 

Observations. The estimated results generated by the Statistical 

5.7.2 
allocation of measurement resources. 

Conclusion. The EG&G/RF Statistical Sampling Plan provides a good 

5.7.3 
systematic uncertainties in the Statistical Sampling Plan as they become known. 
This will result in more defensible uncertainties. 

Recommendation. EG&G /RF should more rigorously address 

5.8 Information on Past Experience and Holdup Modeling 

5.8.1. 
at other DOE facilities. 

Observations. The existing RFP results are consistent with experience 

5.8.2 Conclusion. The EG&G/RF results are about as expected. 

5.8.3 
some material remains fixed to the ducts and is therefore not a criticality 
hazard. 

Recommendation. Past experience indicates that, after remediation, 
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In conclusion, the peer review found that the measurements methodology is 
sound and that there is no need to repeat any measurements. Current techniques 
provide a conservative margin of safety. 

However, several steps can be taken to improve the program in terms of cost 
and time savings while maintaining the level of safety provided. Three 
recommendations should be implemented immediately, in appropriate situations, 
to provide more accurate estimates of the actual amount of remediation or 
replacement required under existing criteria: (I) eliminate known biases, 
(2) reduce the uncertainty criterion, and (3) use more far-field measurements. 
These recommendations will maintain safety while saving time and money by 
providing more accurate knowledge and leading to decisions based on informed 
technical judgment rather than excessive layers of conservatism. 

program for future use while maintaining the criticality safety margin. These 
recommendations will provide more detailed and more accurate information for 
decision making, ultimately leading to time and cost savings. They will enhance 
the program for future use and should not affect planned remediation and 
resumption activities. These recommendations are to (1) estimate and seek 
exemption of plutonium fixed in the ducts, and (2) better-characterize 
uncertainties. 

Two additional recommendations will further refine the measurements 
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1.0 SCOPE OF WORK 

This peer review of the Rocky Flats duct holdup measurement program is a technical 
review of the measurement methodology in current use. This report covers all aspects 
of the methodology, including detector setup, calibration, holdup measurement, data 
analysis, measurement errors, and final error propagation. The report does not include 
a review or evaluation of the large quantity of previously-acquired measurement datu. 
However, we believe that this report constitutes a thorough review of the measurement 
methodology now in use at Rocky Flats for the current Phase II duct measurement 
program. By mutual agreement, the previous Phase I measurement program is not 
reviewed here. 

Our review is based on technical discussions with Safeguards Measurements personnel, 
on calibration and measurement activities that we witnessed, on past interactions 
between Rocky Flats and Los Alamos safeguards personnel on holdup data 
interpretation models, and on documents provided to us by the Safeguards 
Measurements Group. However, our review does not constitute an audit of Rocky 
Flats data or documentation for completeness or authenticity, as this would be beyond 
the scope of our expertise. Rather, we have reviewed the measurement methodology as 
it was described or presented to us, and our comments and recommendations are based 
on our understanding of this methodology. 
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2.0 OVERVIEW 

A. Introduction 

This report is a technical peer review of the duct holdup measurement methodology 
now in use at Rocky Flats. The report is based on information that we obtained during 
our visit to the Safeguards Measurements Group on April 2-4, 1991, on interactions 
during the past year between Rocky Flats and Los Alamos Safeguards personnel on 
holdup issues, and on additional information provided to us by the Safeguards 
Measurements Group during April. We participated in a detector calibration exercise, 
a joint measurement exercise in Building 707, and a detailed review of data analysis 
techniques. We conclude that the current methodology is basically sound, and we 
provide recommendations for reducing potential measurement bias. 

B. Strengths of the Present Holdup Measurement Program 

The present Rocky Flats duct holdup measurement program is, to the best of 
our knowledge, the largest holdup measurement program in the DOE complex, 
with the possible exception of the Gaseous Diffusion Plant programs. We are 
impressed with the high level of effort and thorough preparation that is being 
committed to the program. The Rocky Flats holdup staff is knowledgeable and 
well-trained in both contact and far-field gamma-ray measurement procedures. 

Adequate detectors and calibration standards have been obtained for the 
measurement program, and the measurements are being carried out with an 
appropriate level of measurement control and documentation. 

The Statistical Sampling Program has provided a good mechanism for 
measurement allocation. Rocky Flats has put more effort into estimating and 
propagating holdup measurement errors than other DOE facilities have. 

The present Rocky Flats measurement results for duct holdup are consistent with 
past experience at other DOE facilities. 

The Safeguards Measurement Group has developed a new method for contact 
holdup measurements that uses the ratio of top to bottom contact measurements 
to compute the width of the holdup deposit in the duct. Its benefits include an 
easily reproducible methodology, good detection sensitivity, and the ability to 
measure ducts in confrned spaces. 

C. Weaknesses of the Present Holdup Measurement Program 

1. The Statistical Sampling Program propagates only random measurement errors, 
which underestimates the total building holdup error quoted in the Sampling 
Plan. 

2. The Rocky Flats width model for contact holdup measurements has several 
drawbacks, including a complex data analysis procedure requiring broad 
assumptions about the distribution of material in the duct. The model also has 
the potential for underestimating holdup outside the detector field of view, and 
is more labor-intensive than far-field measurements. 
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3. There are several systematic errors in the data collection or analysis procedure 

that tend to overestimate duct holdup. 

D. Recommendations for Strengthening the Present Program 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

We recommend that the measurement team add some far-field measurements to 
its present program, as deemed appropriate by the team. A comparison of 
contact and far-field measurements can provide validation of the results. Also, 
the far-field approach is less sensitive to the geometry of the held-up material, is 
potentially faster, and should reduce the level of effort. 

We recommend that the choice of far-field or contact measurements be left up 
to each DOE facility, because both approaches have benefits and drawbacks. 
We recommend that the far-field approach be the method of first choice where 
practical because it is less dependent on assumptions about where the holdup is 
located. 

In order to reduce the susceptibility of contact measurements to underestimating 
holdup in large ducts, we recommend several alternatives for data collection or 
analysis. These alternatives may be helpful in the future when it is necessary to 
measure ducts that have low levels of holdup or that have already been 
remediated. 

To reduce systematic errors in data collection or analysis procedures that tend to 
overestimate duct holdup, we recommend averaging data over major duct 
sections to minimize the cumulative positive bias effect of minimum detection 
limits, assigning a background region of interest above the assay peak to reduce 
the background subtraction bias, and using a new model for'interpreting contact 
data (Ref. 2). 

If the propagated errors generated by the error estimation code are used to 
determine the need for duct remediation, then non-zero field systematic errors 
should be included. The level of effort to obtain defensible uncertainties may 
be large, and should be considered only if significant duct remediation work 
may be avoided as a result. The fmal propagated error should be substantially 
less than the current lo%, thereby justifying a lower quoted measurement 
error. 

We recommend further comparisons with cleanout, although it is very difficult 
to identify sidestreams and collect all of the material. 

If buildup becomes a concern after resumption of operations, we recommend 
that Rocky Flats consider holdup modeling studies to determine the rate of 
buildup and the amount of fixed, non-removable holdup that could be exempted 
from the 400g criticality limit. 
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3.0 TECHNICALPEERREVIEW . 

3.1 Evaluation of Calibration Standards, Detector Setup, and 
BGO Calibration Procedure 

A. Observations 

Detectors 
are the two types of detectors currently used for duct holdup measurements at Rocky 
Flats. HPGe detectors have superior resolution, but are more difficult to handle 
because they are heavier and they require liquid nitrogen cooling. Time constraints did 
not allow us to participate in HPGe operations. Response calibration procedures are 
very similar for both detector types. Therefore, although our comments will be limited 
to BGO operations, many of our observations and comments would be equally 
applicable to holdup measurements using HPGe detectors. 

At 12 to 14%, BGO detector resolution is 50-75 % poorer than that of comparably-sized 
sodium iodide detectors. As a result, the complex of 239Pu gamma rays in the 350 to 
430 keV energy range is unresolved. In routine BGO measurements, it has been 
assumed that the effect of the U9Pu gamma rays in this region could be approximated 
by the weighted average of the complex, approximately 389 keV. Accordingly, the 
correction factors for the various container thicknesses, as well as the Pu reference 
source self-attenuation, were computed at 389 keV rather than 414 keV. The 414 keV 
full-energy peak continues to be used with HPGe detectors. 

Bismuth germanate @GO) and portable high-purity germanium (HPGe) 

Calibration Standard For detector response calibration, a 5 gram "point" source is 
used. It consists of Pu& powder suspended in a RTV silicone rubber matrix, 
encapsulated in three telescoping aluminum cylinders. Its Pu mass was measured 
destructively to better than 1% prior to fabrication, and certified in the EG&G Rocky 
Flats Chemistry Standards Laboratory. Its mass has been nondestructively verified 
using calorimetry and gamma-ray isotopic analysis. 

A correction factor that accounts for container attenuation and self-absorption within 
the RTV/Pu& matrix has been derived empirically. This was done using six "line 
sources" fabricated by filling lengths of aluminum tubing (outside diameter 4.76 mm) 
with carefully measured and certified quantities of P u a .  These standards are more 
easily c h a r a c t e d  because the PuG is not suspended in RTV as in the point source. 
Correction factors were derived for container attenuation and self-attenuation for each 
of the six line sources. Then, using high-resolution germanium detectors, a total of 
180 spectra were acquired by placing combinations of one or more of the line sources 
at various distances from the detectors. Line calibration constants were derived at each 
of 5 gamma-ray energies (129, 204, 345, 375, and 414 kev) for each of the 180 
geometries, and then they were averaged by energy. Then, using the technique 
outlined below, sufficient data were taken from the point source to derive line 
calibration constants at each of the same five energies. Finally, using ratios and 
interpolation, a 389-keV correction factor for the point source was computed. When 
the actual Pu mass of the point source is divided by the correction factor, the result is 
the effective Pu mass, with attenuation factored out. 
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System Setup Written procedures (Ref. 1) to set up the Davidson portable multichannel 
analyzer (PMCA), to apply high voltage to the detector system, and to pole-zero adjust 
the amplifier are very clear, thorough, and consistent with standard practice for systems 
like this. We witnessed the setup of regions of interest and a BGO energy calibration 
performed by Frank Lamb. 

First, a region of interest (ROI) was set between channels 315 and 660. With gain 
properly adjusted, this corresponds to an energy range of approximately 330 to 
410 keV. Then spectral data were acquired using a 133Ba source, while adjustments 
were made to the amplifier gain to center in the ROI the broad peak representing the 
unresolved fullenergy peaks at 303, 356, and 384 keV. A second ROI was set 
between channels 400 and 725 to bracket the broad peak (nominally 389 keV, and 
centered approximately on channel 550 when the gain is properly adjusted) arising 
principally from the unresolved Pu full-energy peaks at 375 and 414 keV. This ROI, 
hereafter referred to as the Pu ROI, spans an energy range of 350 to 430 keV. With 
sources removed to the other side of the room, a 300-second background spectrum was 
acquired with a lead plug blocking the detector collimator aperture, and the Pu ROI 
integral was recorded on the "Calibration Performance Data Sheet" (appended to this 
document). 

The next step was to acquire a 100-second 133Ba spectrum, with the disk-shaped source 
inserted between the detector collimator aperture and a lead plug. The 133Ba ROI 
integral and the peak centroid were recorded on the data sheet. Then the source was 
removed to the other side of the room while a background was acquired with the lead 
plug in place. Again the '3% ROI integral was recorded. This process was repeated 
until ten pairs of spectrum and background measurements were recorded. The mean 
net 133Ba counts and the two- and three-a control limits were calculated. These data, 
along with the 133Ba source serial number, are recorded on a label that is attached to the 
PMCA for easy field reference. 

Detector Response Calibration 
response calibration by laying the detector horizontally on the benchtop and aligning it 
with inked marks thereon. The Pu standard reference point source was placed at the 
"zero" position 50 cm from the detector, and a 3Wsecond spectrum was acquired. 
The Pu ROI integral was recorded on the data sheet. This was repeated five times, 
with the analyst picking up the source and replacing it between each run. Then the 
source was moved to the +2 cm position along the orthogonal to the detector axis, 
counted again, and the Pu ROI integral was recorded. This process was repeated at 
+4 cm, and every two-centimeter increment thereafter through +24 cm. Then the 
source was removed to the other side of the room, the lead plug was replaced, and 
another 300-second background run was made and recorded. Next, five more Pu point 
source spectra were acquired with the source in the "zero" position, following the same 
procedure as before. Then the source was moved incrementally in the other direction 
and counted at each position until 12 more off-axis data points were recorded. Finally, 
the source was removed and a third background spectrum was acquired. The data 
sheets were subsequently submitted to Mark Spivey, who entered the data in a 
spreadsheet program in which were computed the effective length and area, and the 
point, line, and area source conversion constants. 

Preparations were made to begin the detector 
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B. Comments 

1. During the detector response calibration, we noticed that the analyst picked up 
and repositioned the Pu point source after each of the runs at the center 
position. This was not explicitly called for in the draft copy of the procedure 
we reviewed, but it is a very good experimental practice. We noticed that he 
even rotated the source an increment before replacing it, in order to "average 
out" any potential inhomogeneities. 

The lead plug had seen much rough use, and was too distorted to fit flat against 
the end of the detector. A plug machined out of tungsten alloy would be much 
more durable. 

2. 

3. Some facilities in which similar detector response calibrations are routinely 
performed use a jig to hold the detector in a fixed geometry perpendicular to the 
line along which the source is moved. The operation is further facilitated if the 
jig incorporates a means of reproducibly positioning the point source at each 
designated location. 

4. We n o t i d  that, even at *24 cm, the detector response was statistically 
nonzero. For a Normal curve of the same FWHM, the ordinate is effectively 
zero for an abscissa of *20 cm. Therefore, we suspect that the method of 
subtracting a "plug" background from each Pu ROI introduces a slight bias (see 
Comment #2 of Section 3.3 of this report). When we subtracted the average 
residual "background" at +20 cm from the remaining data points, and 
recalculated the area calibration constant, we obtained a value almost 10% 
higher than the spreadsheet program computed. Because a consistent 
background subtraction technique is used both during calibrgion and during 
holdup measurements, this apparent negative bias is partially offset by an 
equivalent positive bias in the net Pu ROI count rate. 

The empirical technique for deriving a correction factor for the point source is 
detailed in a lab notebook, but it would be a good idea to document it more 
formally, with the appropriate standards laboratory certifications attached. 

5. 
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3.2 Evaluation of Measurement Procedure 

A. Observations 

Measurement Team. Location. and EauiDment We joined one of the Safeguards 
Measurement Group's teams, Mike Maul and John Craven, for a day of duct holdup 
measurements in Module A of Bldg. 707. The ducts in this module were being remeasured 
following cleanout. The team measured a 10.5-foot-length of 10-inch-diameter horizontal duct 
located above an aisleway between a glovebox line and a chainveyor. Some time was also 
spent carrying out additional background and far-field' measurements. 

The team used a previously-calibrated ?h" by 95" BGO detector (NT066) and a Davidson 
PMCA. The BGO detectors are mounted in a case that has enough room for 0.625-inch of 
lead shielding, which is an adequate amount of shielding if this space is fully filled with lead. 
The lead shield would also provide a 0.5-inchdiam by 1-inch deep collimator. This 
collimator, plus a 1-inch spacer, give a 2-inch separation between the detector and the duct 
surface when a contact measurement is made. The detector face also has a 0.06-inch-thick 
cadmium x-ray filter. 

Measurement Procedure in Plant The team measured the duct at 1-foot intervals previously 
marked with bar-cade labels, beginning at a prominent flange. At each measurement location, 
four 100s measurements were made with the detector in contact with the duct: bottom, bottom 
background, top, and top background. The background measurement was made with the 
detector at the same location as the holdup measurement, but with a 1-inch-thick lead plug 
inserted into the collimator opening. 

The team recorded date, time, bar code label, pipe diameter, measurement location, the four , 
counts, and the count time (see attached measurement data sheet in the Appendix). The duct 
wall thickness was not measured or recorded at this time, but we were told that it is 
determined later from facility blueprints, and an appropriate transmission correction factor is 
applied. If it is not possible to measure a duct from above, the detector is held below the duct 
at a distance of one pipe diameter plus 1 inch, which should yield the same result if the holdup 
is on the bottom of the duct. 

The measured result for the 10.5 feet of ducting was 4.7 g (see attached analysis sheet in 
Appendix), consisting of two components: roughly 2.4 g of measured holdup, and roughly 
2.4 g of holdup assigned due to the minimum detectable limit. The ratio of the top counts to 
the bottom counts varied from less than 1 to more than 1, but the average was not statistically 
different from 1. If all  11 contact measurements were averaged together before data analysis, 
the result would be about 2.1 g. 

Measurement Control Procedures 
check the count rate and peak position (gain check) of the measurement region of interest 
(ROI) (see attached performance check sheet in Appendix) before and after every 5 holdup 
measurement locations (one top and one bottom measurement). A periodic performance check 
is also performed on each detector/MCA set on a biweekly basis (see attached sheet in 
Appendix). These measurement control steps link the daily performance of the detector back 
to its performance at the time of calibration. 

The measurement team used a 1 3 3 B a  gamma-ray source to 

*In this report, the term "far-field" connotes holdup measurements that use a uniform line 
source generalization of the holdup deposit geometry. 
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Additional iikground and Far-Field Measurements made in the Plant Additional 
background measurements were made by moving the detector sideways so that the duct was 
out of the field of view. This method is potentially more bias-free than using a lead plug 
because the detector now views the same region behind the duct. However, we found that the 
presence of strong nearby sources in the glovebox and chainveyor made the sideways 
background measurements unreliably high or low depending on whether the detector was 
closer to, or faaher from, one of the sources. 

Far-field measurements were made by suspending the BGO detector 30 inches below the duct. 
Counting times of 100 s were again used, and the data were evaluated using a line calibration. 
The far-field measurements were about four times faster because no top measurements were 
made and the bottom measurements were spaced further apart. The far-field result for the 
holdup in 10.5 feet was 6.4 g. 

B. Comments 

1. 

2. 

3. 

4. 

5. 

The BGO holdup measurement and measurement control procedures that we 
Witnessed are sound, and are welldocumented in SMIP-3001 (Ref. l), which 
also describes procedures for far-field measurements using a high-resolution 
HPGe detector. 

Data analysis spreadsheets provide a good record of holdup measurement data 
and illustrate several of the steps in the process of converting measured counts 
to grams of holdup. This level of documentation is good, and provides a 
mechanism for validation and defensibility of the measurements. 

The acceptable '%a count rate and peak position limits are posted directly on 
the MCA, which allows the measurement team to confirm proper operation of 
the equipment on the spot. This is a good idea that should be adopted by other 
facilities. Checking the 133Ba source every 5 measurements is conservative. 
Past experience indicates that every 10-20 measurements is adequate. 

The present procedure for background subtraction using a lead plug for either 
far-field or contact measurements is appropriate for most RFP locations because 
the background is usually attributable to strong nearby sources that are below or 
to the side of the duct. The other traditional background subtraction technique, 
sideways displacement of the detector, should be kept in mind for cases where 
there are background sources above the duct, or where the top contact 
measurement includes glovebox radiation sources within its field of view. In 
principle, the sideways displacement technique can be made more reliable by 
increasing the thickness of the detector shielding, but, in practice, use of the 
plug background should be satisfactory in most cases. If the plug background 
technique is still used in cases where there are background sources within the 
field of view, a positive bias in the holdup estimate will result. 

The choice of which background subtraction technique to use in a given area 
would be easier to make if the measurement team could spend several minutes 
surveying the area using whichever detector is at hand. (Unshielded detectors 
are used by the Duct Remediation teams for surveying, but this information is 
not used by the Safeguards Measurements teams, and would probably not be 
very useful because of the lack of shielding.) 
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6. As stated in SMIP-3001, there is no need to make attenuation measurements 

with the "Se transmission source unless an unusual duct geometry or very high 
holdup is encountered. 

7. We would encourage the use of more far-field measurements where practicable 
in lieu of or in addition to contact measurements. A mix of contact and far- 
field measurements can save time, provide an independent validation of the 
contact measurements, or provide an error estimate for assumptions about 
material distribution. This is because a far-field detector is less sensitive to the 
exact location and distance of the held-up material, and is less likely to overlook 
localized concentrations of material. 

The far-field measurements can be made with BGO or NaI detectors as well as 
with HPGe. The restrictive criteria in SMIP-3001 for the use of far-field 
measurements, and the past use of only HPGe detectors, has almost ruled out 
the use of this technique. Some of the criteria in SMIP-3001 on far-field 
detector placement could be relaxed with potentially smaller resultant 
measurement errors than those caused by the assumptions about material 
distribution required for contact measurements. The present staff is experienced 
in both far-field and contact measurement procedures. 

The present level of effort is definitely sufficient, and can probably be reduced 
by mixing in far-field measurements. The far-field approach can be faster if the 
minimum limit of detection is satisfactory because top measurements are not 
required and more of the duct is measured at one time. The goal would be to 
reduce the number of routine contact measurements that yield very few grams, 
and use more time for measurements from different directions to provide 
validation data. 

8. 
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3.3 Evaluation of Data Reduction Methodology 

A. Observations 

We closely reviewed the manner in which raw holdup data are reduced to mass 
quantities of Pu. We were able to witness the processing of the data obtained-during 
our evaluation of the measurement procedure (see Task 3.2). The theory and protocol 
for the data reduction are well-thought out and documented. Salient observations of the 
key aspects of the BGO data reduction methodology follow. 

Data En 
count in&& are read from the PMCA and hand-written on the data sheet: bottom 
background (Be), bottom assay (Ge), top background (BT), and top assay (GT). 
Analysis of the data begins with the creation of a formatted ASCII data file. Each 
record of this file contains the four Pu ROI integrals, the live counting time (t), and the 
location and inside pipe diameter (ID,,)for a single bar code. To safeguard against 
entry errors, a clerk compares the data file with the original data sheets. Once the 
assay data are entered and checked, the remaining data processing is completely 
automated. 

For each of the barcode-labeled measurement locations, four Pu ROI 

Andlysis Protocol The first operations performed by the analysis code are to read 
the pipe diameter from the data file and to access a look-up table for the appropriate 
actual outside diameter (dp,) and attenuation correction factor (CFw) for absorption of 
389 keV gamma rays by the pipe wall. Also, the diameters of the detector fields of 
view at the outside bottom of the duct are computed. For the view from the top, this 
dimension is obtained by multiplying twice the tangent of the effective half-angle e 
defined by the collimator geometry, times the sum of the detector standoff 
(h = 5.08 cm) and dNw: 

D, = (2 tan O)(h + dpw) = 0.7 (h + dpw) = 3.556 + 0.7 d,,, 

The diameter of the field of view for the bottom detector is 

De = (2 tan 0) h = 0.7 h = 3.556 

The next step in the analysis protocol is to compute the top and bottom net assay count 
integrals CT and Ce: 

The net count integral from the "significant assay position" (ie., the one that will be 
used in the subsequent point assay calculation) is determined from the signs of CT and 
Ce using the following logic: 

C B  Significant 
Count 

* CT + ce - 2.33(8,) 
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When CT and Cg are both positive, the top-to-bottom count ratio is calculated. This 
ratio is then tested to see which of three different deposit width calculations should go 
into the computation of the point assay, Y, for that measurement location. 

If CT/C, is greater than or qual to one, the holdup deposit width, w, is assumed to be 
equal to the diameter of the top detector's field of view at the outside bottom of the 
pipe, D T .  The point assay calculation uses CT: 

If CT/C9 is small (less than ( De / D T  )*), the holdup is assumed to be just wide enough 
to subtend the bottom detector's field of view at the outside bottom of the pipe, ie., 
w = De. The bottom net count rate is used in the point assay calculation: 

CT/Cs < ( De / D T  )2 seems most likely when CT is small enough to be considered a 
null result (see discussion of Detection Limits in section 3.6). 

If CT/C, is less than one but greater than ( De / D T  )2,  the deposit width is computed 
using a model which assumes that the holdup is uniformly distributed on the bottom of 
the pipe in a circular geometry. In this model, hereafter called the "Rocky Flats width 
model", 

w = DT(cT/c~)~ 

Then the point assay is calculated using CT: 

After the point assay is determined for a measurement location (bar code), it is 
compared to the Critical Level (see Detection Limits in section 3.6). The Critical 
Level is substituted for the computed assay when the assay is smaller. Then the holdup 
mass between each pair of adjacent locations is computed by multiplying the distance 
between them by the average of their point assays. The total holdup for the duct is 
obtained by summing the holdup masses between al l  adjacent pairs of measurement 
locations. 

B. Comments 

1. 

2. 

D T  and D, are calculated using the outside diameter of the pipe. The effect of 
these computations is to place the deposit on the bottom exterior of the duct, 
rather than inside it. Thus, D T  is biased high by a term equal to 0.7 times the 
wall thickness, and D, is biased low by the same amount. These biases are 
propagated into the deposit width estimate. In every case except those in which 
either the top or bottom count rate is very small, failure to properly account for 
the extra pipe wall thickness will impose a small positive bias on the holdup 
estimate. 

Since the background measurements are made by covering the collimator 
opening with a lead plug, the shape of the Compton continuum upon which the 
Pu peak sits in an assay spectrum may not be the same. In extreme cases, the 
Compton continuum in an assay spectrum may be considerably higher than in a 
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background spectrum. In such cases, subtracting the Pu ROI counts 
accumulated in a background run from the Pu ROI counts in an assay run will 
not remove the Compton continuum part of the assay spectrum background. 
The effect is to artificially elevate the net peak count rate, and thus impose a 
positive bias on the holdup measurement. 

Accepting for the moment that it is reasonable to assume that the deposit resides 
in the bottom of the duct, two other assumptions in current use are not realistic. 
These assumptions are that the detector response is flat over the field of view 
and that the deposit geometry is circular. Incorporated into the current Rocky 
Flats width model as they are, these assumptions lead to an overestimate of the 
deposit width. This is partially compensated for in the point assay computation 
by multiplying the deposit width by the net count rate measured in the top 
detector position. 

Plutonium holdup is assumed to be deposited at a uniform thickness in the 
bottom of horizontal ducts, with negligible self-attenuation. To the extent that 
these assumptions are valid, the holdup mass computed is reasonable, albeit 
biased a little high. However, it is well-recognized that there are bands along 
the sides of the ducts that are out of the detector's field of view when it is 
placed in contact with the duct at either the top or the bottom. Any material 
deposited in these "blind spots" would not be detected, and a potentially serious 
negative bias would be propagated. (This is further discussed in Section 3.5 of 
this report.) Additional information would be required to justify the "bottom 
deposit" assumption, such as visual evidence from the duct remediation video 
cameras, or by validating results of the contact method with far-field 
measurements and/or cleanouts. 

3. 

4. 

5. When CT/CE is not statistically distinguishable from unity, the contact method 
cannot distinguish between the following deposit geometries: 

a. DT I w < (n ID, - DB), azimuthally centered on the bottom of the pipe, 
uniform thickness. 

b. w 2 DE, in top of the duct, with same-size deposit in bottom, but not on 
sides; uniform thickness. 

c. Uniform annular deposit. 

d. Some combination of deposit widths and thicknesses that just happens to 
give a unity ratio. 

6. When CT/CB is statistically greater than unity, the contact method cannot 
distinguish between the following deposit geometries: 

a. (n ID~pa - D,) I w < n IDpipa, azimuthally centered on the bottom of the 
pipe, uniform thickness. 

b. Uniform thickness deposit in the top of the duct. 

c. Some combination of thicknesses and widths that just happens to give a ratio 
greater than unity. 
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7. When CT/C, is statistically less than unity, the contact method cannot distinguish 

between the following deposit geometries: 

a. w < DT in the bottom of the duct. 

b. Some combination of thicknesses and widths that just happens to give a ratio 
less than unity. 

C. Recommendations 

1. 

2. 

3. 

From a measurement standpoint, we see little technical justification for 
consciously building sources of positive bias into holdup estimates. A 
measurement should be as accurate (free of bias) as possible. If an additional 
margin for safety is desired, we believe that it would be better to apply it to the 
completed measurement and identify it as such. Therefore, we recommend that 
the following biases be eliminated from the holdup mass calculations: 

a. Adjust the detector-to-holdup distance by one pipe wall thickness. This will 
reduce DT by 0.7 times the wall thickness, and increase D, by the same 
factor. 

b. Add an additional ROI above the Pu ROI, between approximately 500 and 
580 keV. Use this ROI to subtract continuum, or Compton-scattered, 
gamma rays from the mi ROI in both background and assay spectra. This 
will reduce the bias resulting from the artificially elevated Pu peak count 
rate. Such action, however, will increase the number of count integrals that 
the assayist must record, and will require a modification of the calibration 
form, the data logging forms, and the software. 

c. Where contact measurements are used, the width model should be improved 
to more effectively handle the deposit geometry and the detector response 
(Ref. 2). The existing body of data can be reanalyzed using the new model. 

Before testing CT/C, to determine which of the three deposit width options 
should be exercised, propagate the random error associated with that quantity in 
order to determine its statistical significance. If the ratio is not statistically less 
than unity, and there are no other data to support an alternative approach, then 
we recommend averaging the top and bottom count rates and assuming a 
uniform deposit that completely covers the duct's inside surface. This will give 
a result which is nominally 7r/2 times the best case, in which w = D, on the 
bottom. This may be particularly appropriate for "empty", remediated, or 
vertical ducts. 

Experience has shown that most point assays (mass per unit length) are low 
enough that there is little reason for concern that they have been underestimated 
due to self-attenuation within the holdup deposit. We recommend, however, 
that a flag be set in the software whenever a point assay is high enough that self- 
attenuation could be a factor, and that an appropriate correction be applied. For 
example, transmission measurements that were made along Line 43C in Bldg. 
771 indicated that sufficient material mass was present to cause a low bias of up 
to 30% in the absence of self-attenuation corrections. Perhaps these 
transmission measurements could be correlated with existing point assays in 
order to determine the level at which a flag for the self-attenuation correction 
should be set. 
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3.4 Evaluation of Available Comparison Measurements 

A. Observations 

Precision Studv 
designed to estimate instrument precision (Ref. 3). This study was conducted. by 
repeatedly measuring selected duct locations in Buildings 707 and 771. These 
measurements were performed by two different measurement teams at different times, 
using different detectors and techniques. HPGe detectors were used in a far-field 
geometry, and BGO detectors were used at contact. Far-field point assays were 
typically higher for higher duct loadings (> 2.4 g/ft). Additional information may 
come to light in another field precision study planned for the near future. 

We reviewed point assay data from a "Field Precision Study" 

Cleanout Data We reviewed a summary of data from holdup measurements 
made in Bldg. 707, Module A, both before and during duct remediation. Before 
remediation, the total holdup estimate was 915 g. After some remediation had been 
completed, another holdup measurement campaign was performed, The result was 
463 g, which implies that 452 g had been cleaned out. Calorimetric assay of the 
remediated duct contents (excluding a small amount which resided in equipment and 
debris) yielded a result of 296 g. This study suggests that present holdup NDA 
estimates of duct Pu contents are accurate within 50%. 

Far-Field / Contact Commrison 
contact and far-field measurements were performed on Line 43C in Bldg. 771. In this 
study, BGO detectors were used at contact, and an HPGe detector was used for far- 
field (20 inches) measurements. The total results using the two techniques are 
remarkably similar: 1734 & 590 g for the contact method and 1730 f 588 g for the 
far-field measurement. 

We were briefed on an EG&G study in which 

Joint Measurement Comparison In the holdup measurements in which we 
participated (see Section 3.2), we performed both far-field and contact measurements 
using the same BGO detector. Results are listed in Table 1. Because the total 
measured duct length in this comparison was only 10.5 feet, and because the duct had 
been remediated, leaving little residual holdup, this comparison should not be 
extrapolated to the facility as a whole. Nevertheless, it illustrates some of the issues in 
contact versus far-field measurements. The far-field result should have been the least 
sensitive to holdup deposit geometry, so it is assumed to be most nearly correct. The 
present contact model, as calculated by the standard computer program, gave a result 
that is comparable, but lower. The same contact data were used to compute the holdup 
mass assuming that it is uniformly distributed over the entire duct annulus. Finally, the 
data were analyzed using an improved width model, and allowing positive and negative 
point assays to average out. 
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Table I. Joint measurement results, calculated under various assumptions of 

deposit geometry. 

Technique Assumptions Total (g) Interpretation 

I Far-field Line source 6.4 Correct - 

Contact Current analysis 4.7 Fortuitous 
2.4 Due to holdup; 

2 /a  of true 
2.4 Due to summed L, 

Contact Annular deposit 5.6 Correct 
(Y = %(CT + Ce)t-'aDTk,CF,,) 

Contact New width model, counts below 2.1 2/nof  true 
detection limits "averaged out" 

B. Comments 

1. 

2. 

3. 

4. 

It is important to use independent nondestructive or destructive assay techniques 
on material removed from ducts in order to independently validate the holdup 
measurements. We recognize that such measurements are difficult and 
expensive, and commend EG&G's efforts to perform them. We encourage their 
continuation, since independently verified cleanout results ate the most 
compelling defense of any duct NDA measurement technique. 

If the holdup geometry in the cleaned-out duct that we measured is assumed to 
be annular in shape, then the computed holdup mass is comparable to that of the 
far-field measurement. This suggests that residual holdup in remediated ducts 
may coat the inside surface, rather than residing on the bottom. 

In order to compare techniques without introducing the additional variable of 
different detector systems, BGO detectors could be used to perform holdup 
measurements both in far-field and contact geometries. 

Because it was designed to characterize instrument precision rather than 
measurement bias, there is little information in the Field Precision Study 
applicable to comparisons of contact and far-field measurements. Without 
additional data, there is no way to further characterize such comparisons beyond 
staling that far-field point assays appear to be higher. 
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3.5 Estimate of Measurement Precision and Accuracy 

A. Summary Table of Measurement Errors 

Holdup measurement errors are very difficult to estimate and propagate, and, to the best of 
our knowledge, no facility has ever d e d  this process to completion. In this section, we 
define a summary table of measurement errors which, if completed, could be used to 
estimate holdup measurement errors at Rocky Flats and provide a more realistic guideline 
than the 100% number currently in use. We have attempted to fill in some of the entries in 
this table, but much of the necessary information has not yet been developed, and would 
require additional studies or controlled measurements, as discussed in Section 3.7. We have, 
however, been able to estimate several major systematic errors that are large enough to 
warrant further study. 

B. Definition of Table Entry Colllmns 

In Table 2, errors are listed by major topic and then by the specific error term. Each error 
term has an associated slope, or partial derivative, that represents the rate of change of the 
calculated holdup value with the rate of change of the variable. This slope, multiplied by the 
range of the variable, can provide a value for the total error (one standard deviation, a). The 
errors are segregated into random and systematic, with random errors varying over a f 
range. For systematic errors, a plus sign means the measurement is biased high with respect 
to the true holdup, and a minus sign means the measurement is biased low with respect to the 
true holdup. Large systematic errors with a minus sign are the most important terms in the 
table, because they represent a potential underestimate of holdup. 

C. Discussion of Some Important Table Entries 

1. 

2. 

3. 

4. 

Calibration/External Bkg subtraction (lead plug) and Holdup Measurement/ 
External Bkg subtraction (leadplug): Background subtraction with a lead plug 
can overestimate holdup by up to the full amount of holdup if there is a strong 
background source within the field of view. Based on past experience, 
however, this effect usually yields only a small positive bias. 

Holdup Measurement/EXteml Bkg subtraction by sideways displacement: This 
technique is not vulnerable to background sources within the field of view, but 
can overestimate holdup by even more than the plug technique if the 
background count rate is much larger than the signal count rate and the detector 
is not very heavily shielded. This technique cannot underestimate the holdup if 
the net count is set to zero whenever the background count is greater than the 
duct count. For far-field measurements, where this can be the largest single 
source of bias, it is customary to measure a given location from more than one 
direction to quantify the range of this error. 

Holdup Measuremeru/Net Counting Statistics: A random error of &20% is 
estimated for a holdup of 1 g/fi counted for 100 seconds, based on the 
measurements we witnessed in Bldg. 707. 

width Calculation/ Top/bottom Counting Statistics: A random error of & 30 % 
is estimated for a holdup of 1 g/ft counted for 100 seconds, based on the 
measurements we witnessed in Bldg. 707. 
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width Calculation/ Top to Bottom Ratio < 1: LAM, Report LA-UR 9 1-465 
(Ref. 2) showed that the width model can overestimate deposit width by up to 
roughly a factor of two, as illustrated in Figure 1. Current Rocky Flats 
algorithms convolve the width with the top count rate, which is less than the 
bottom count rate, so that the point assay is overestimated by substantially less 
than 100%. When past data are re-evaluated using the more exact model 
described in Reference 2, this error will decrease again. The expected final size 
of this error term has not yet been estimated, and the range of 0 to + 100% is 
quoted for now. 

Width Calculation/ Top to Bottom Ratio 2 1: A top-to-bottom ratio equal to or 
greater than one suggests that holdup is not confined to the bottom of the duct. 
In a data set from Bldg. 707 that is tabulated in the Stone and Webster report 
(Ref. 4), about 50% of the measurements have a ratio less than 1, about 30% 
have a ratio of 1, and about 20% have a ratio greater than 1. High holdup 
concentrations usually have low ratios, and low holdup concentrations usually 
have high ratios. 

The simulated data presented in Table 3 illustrate the potential error term for 
contact and far-field measurements for various holdup distributions where the 
observed top-to-bottom count-rate ratio is 1. For simplicity, it is assumed that 
the BGO detector (at 2 inches from contact) has a field of view of 1/3 of the 
duct circumference and has a uniform angular response profile up to that angle, 
and zero elsewhere. It is assumed that the far-field detector has a 3 times higher 
absolute efficiency. The table includes simulated entries for contact 
measurements that are used to estimate the holdup from annular deposits. They 
are calculated using the formula 

Y = %(C, + C,)t’nD,k,CF,, 

Table 3 shows that contact measurements can underestimate duct holdup if some 
of the material is outside the detector field of view. The potential bias can be 
an underestimate of up to 100%, but a 50% bias (if the holdup is annular) is 
more likely. This effect could be mitigated by reevaluating the contact data 
assuming an annular deposit; however, either positive or negative biases could 
then result if the distribution is not annular. More careful calculations, that take 
into account the actual detector response profile, actual holdup angular 
distribution, and actual topto-bottom ratios, could be done later. This table is 
intended only to illustrate the potential measurement error for holdup using the 
width model when the topto-bottom count rate ratio is 1. 

D. Comments on Holdup Measurement Error Analysis 

The measurement errors in Table 2 would require additional study or controlled experiments 
at Rocky Flats before it would be possible to propagate a final holdup measurement error. 
This process would require the evaluation of major slope and range components, including 
cross-correlations with other major holdup terms. Currently, with the deposit width 
calculation for contact measurements, there are several systematic errors estimated at 50 to 
100%. Their negative signs indicate a potential for underestimating holdup. If these error 
terms can be reduced, it is very likely that the final propagated error can be established at 
substantially less than the current 100%. 
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Table 3. Simulated hoIdup data for cases in which the observed top-to-bottom 

count rate ratio is 1. 

Holdup Actual Measurement Count Assumed Calc. Calc. 
Density Distribution Technique Rate Distrib. Result Actua 

1.05 g/ft 
1.05 g/ft 
1.05 g/ft 

1.57 g/ft 
1.57 g/ft 
1.57 g/ft 

2.09 gift 
2.09 g/ft 
2.09 g/ft 

3.14 g/ft 
3.14 g/ft 
3.14 g/ft 

Bottom 1/3 
Bottom 1/3 
Bottom 1/3 

Bottom 1/2 
Bottom 1/2 
Bottom 1/2 

Bottom 2/3 
Bottom 2/3 
Bottom 2/3 

Annular 
Annular 
Annular 

Contact 
Contact 
Far-field 

Contact 
Contact 
Far-fieId 

Contact 
Contact 
Far-field 

Contact 
Contact 
Far- field 

1.00 cps 
1.00 cps 
3.00 cps 

1.00 cps 
1.00 cps 

1.00 cps 
1.00 cps 

2.00 cps 
2.00 cps 
9.00 cps 

4.50 cps 

6.00 cps 

Bottom 
Annular 
N/A 

Bottom 
Annular 
N/A 

Bottom 
Annular 
N/A 

Bottom 
Annular 
N/A 

1.05 g/ft 1.00 
1.57 g/ft 1.50 
1.05 g/ft 1.00 

1.05 g/ft 0.67 
1.57 g/ft 1.00 

1.05 g/ft 0.50 
1.57 g/ft 0.75 

1.57g/ft 1.00 

2.09 g/ft 1.00 

2.09 g/ft 0.67 
3.14 g/ft 1 .OO 
3.14 g/ft 1.00 
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3.6 Evaluation of Existiig Algorithms for Measurement Uncertainty and 

Detection Limit 

A. Observations 

Present data analysis algorithms appear to compute and 
report propagated random error only. No error is associated with point assays that are 
determined to be below the detection limit. 

Detection Limits The existing data analysis procedures define the holdup detection 
limit in terms of B,, the background counts in the Pu ROI for the bottom detector. If 
the difference between G, and B, is greater than zero with the desired level of statistical 
immunity from false positive assumptions (95 % confidence, in this case), then Pu is 
considered "detected" at that measurement location. This is the Critical Level, L,, 
defined by Currie (Ref. 5). In terms of the quantities already defined, L, is presently 
computed as follows: 

If, at any measurement location, L, turns out to be larger than Y, as computed by the 
appropriate method (see Analysis Protocol in section 3.3), then it is substituted for Y 
before the mass determination is made. 

B. Comments 

1 .  L, is not, strictly speaking, a "detection limit" because no false non-detection 
probability is assigned, and because the determination is made after the 
measurement ("Did we see anything?"), rather than apriori ("What is the 
lowest number of assay counts we must see in order to correctly deduce the 
presence of holdup, while assuring ourselves with specified levels of confidence 
that we will make neither a false detection nor a false nondetection?"). A 
Detection Limit, L,,, in which a 5% false nondetection probability were allowed, 
would be computed as follows: 

L o  (g/cm) = 2.71 t-l D, k, CF,, + 2 L, 

Apparently, the reasoning for using L, instead of Lo  is that there is no other 
known source of gamma rays in the plant with full-energy peaks in the Pu ROI. 
This speaks to the issue of false detection due to mistaken identity, but has no 
bearing on the null hypothesis represented by L,. The assurance that a 
statistically significant number of net Pu ROI counts (when observed) represents 
only Pu, is not pertinent to the question, "What is the probability that the 
measurement has overlooked material that is really there?" Therefore, the use 
of Lo is not excluded on the basis of the absence of interfering gamma rays. L o  
is therefore the proper number to quote when asked for detection limits. 
Nevertheless, the Critical Level concept is valuable when examining a net 
count rate to determine whether it is nonzero. To the extent that this reasoning 
is sufficient, L, should be adquate. 

Substituting L, for Y whenever it is determined that Y < L, is a conservative 
approach that leads inevitably to a positive bias in the total holdup mass in a 
duct. We do not believe that this is the most appropriate statistical approach. 

2. 
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When an empty duct is assayed, the assayist is sampling zero. Therefore, 
repeated measurements at that location should yield net count rates that are less 
than zero as often as they are positive. Only very rarely (5% of the time, using 
present criteria) will the net count rate from a null measurement result in a point 
assay that exceeds the Critical Level. Present procedures would conclude that 
an empty duct contains a mass of Pu equal to L, times the length of the duct. If 
instead the point assays were computed at each measurement location using the 
net count rates, without changing the signs, then the integration of mass per unit 
length over the length of the duct would result in a more realistic value. 

3. See Section 3.5 of this report for further discussion of holdup measurement 
errors. Also, the scatter in multiple measurements of the same holdup zone 
with different contact or far-field detector orientations can help provide 
defensible measurement uncertainties. 
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3.7 Guidelines for Measurement Stratification and Variance Propagation 

A. Comments on the Measurement Stratification Program 

The Statistical Sampling Plan at Rocky Flats consists of a series of ductwork 
measurements, with locations selected randomly for each duct size and process type, 
and the accompanying error calculations that are used to estimate the quantity of holdup 
and its standard deviation (one a) for each major building (Ref. 3, 6, 7). In those 
buildings where the Statistical Sampling Plan identifies the presence of significant 
quantities of holdup, the Safeguards Measurements Group then conducts a thorough 
holdup measurement campaign in which every duct is measured at 1 or 2 foot intervals, 
depending on its diameter. 

The Statistical Sampling Program has, on the whole, done a good job in measurement 
allocation, given the impossibility of knowing, a priori, where holdup has 
accumulated. As an extreme example of the kind of difficulties that can arise, Bldg. 
776/777, Room 131, contained an estimated 127 grams based on only 2 contact 
measurements while room 134A contained 18 grams based on 40 contact 
measurements. Obviously the measurement effort would have been allocated 
differently if the end result had been known. 

For this program, the ducts were stratified by diameter ("large" and "small") and by 
type of operation serviced. To the extent that strata are different, this could be 
incorporated into the sampling plan - eg., by sampling some strata more intensively 
than others based on holdup amounts. Some past literature on holdup has suggested 
that different location types may behave differently, such as horizontal runs vs. vertical 
runs or elbows and tees vs. straight segments. Apparently some other potential 
stratification criteria are not used, such as allocation of measurement time within a 
building, choice of contact vs. far-field measurements, or input from the earlier Phase I 
measurement program. 

One useful bit of cost-benefit analysis involves retrospectively analyzing current duct 
data. It would be possible to set up a computer simulation of total facility holdup if 
only a fraction of the sampled locations from each duct line had been measured. By 
comparing simulated and actual holdup estimates, it would be possible to construct a 
curve of holdup measurement error vs. cost. Sometimes it turns out that much less 
effort yields almost the same quality holdup estimate because the holdup error vs. cost 
curve has a diminishing-returns shape. A computer simulation could quantify this 
phenomenon. 

A common question about sampling plans is whether a limited number of "good" 
measurements is better or worse than a larger number of "average" measurements. The 
answer depends on the trade-off of measurement error vs. sampling error in the overall 
propagated uncertainty. One could do a computer simulation of a duct and apply data 
with estimated random and systematic errors to determine the overall optimum strategy. 
The final answer is not obvious and depends on the distribution of the holdup and the 
distribution of random and systematic errors. 

One useful data summary that could be included is a set of building-specific histograms 
to examine the distribution of point assay (g/cm) measurements. These histograms can 
help address the question of whether a considerable amount of holdup could have been 
overlooked in the sampling plan. In a worst case (as we have seen in some Los Alamos 
ducts), most of a building's holdup can be concentrated over small surface areas in "hot 
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spots". RFP's sampling plan could overlook some such hot spots if their size were 
smaller than the four-foot increments used in determining measurement locations. 
Overlooking all hot-spots facility-wide, however, is implausible. If hot spots are 
apparent in the aforementioned histograms, other locations whose characteristics are 
similar should be measured as a precaution. If, on the other hand, the histograms are 
not too severely skewed, greater confidence can be placed in the quoted holdup 
estimates. 

B. Recommendations on Measurement Stratification (Optional) 

1. Rocky Flats plans to develop a long-term monitoring program for the ducts 
based on the stratification plan and the measurement program now underway. 
Some of the data analysis and simulation techniques mentioned above may be 
able to reduce the future level of effort and allocate it more efficiently. 

2. The duct holdup measurement program at Rocky Flats has generated a large 
quantity of measurement data. If time becomes available in the future, it would 
be beneficial to other DOE facilities to report the lessons learned from the 
measurement stratification plan and what could be done differently in the future. 

C. Comments on the Mathematical Algorithms Being Used for Variance 
Propagation 

The mathematical algorithms used by the Statistical Sampling Plan to determine the 
overall error in holdup measurements for a building or facility are described in the 
above-mentioned documents. The SAS code, which is a commercial statistical 
package, is used for variance propagation with input being the averige M (in g/cm) of 
the randomly-selected holdup measurements for each duct of length L. The variance is 
propagated using the formula, 

and then combining the contributions of individual ducts in quadrature. 

The calculation of o(M) implicitly presumes that measurement errors are entirely 
"random" (as opposed to having so-called random and systematic components from 
duct to duct). That is, the estimate of a2(M) does not formally incorporate any 
systematic components, nor does the estimate of building-wide holdup. On the other 
hand, the stratification plan (Ref. 7, p. 7)  and Reference 8 indicate that one should 
expect the presence of systematic errors, and we would agree with this expectation, as 
tabulated in Section 3.5. 

Separating field and matrix uncertainties, as described in the documents mentioned 
above, is a good idea to the extent possible. The field uncertainties implicitly presume 
that relevant environmental conditions (such as temperature and humidity) during 
precision determination were representative of conditions during measurement. This 
may not be true if the environment was not controlled and varied experimentally. 
Spreading the effort over different times of different days is a good start, but may or 
may not lead to the same result. At any rate, these uncertainties are not directly used 
in the error propagation. If the field uncertainties are important (as suggested by the 
table on p. 3 of Ref. 3) some additional field studies, such as varying temperature in a 
controlled environment, may be required to determine them. 
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The matrix uncertainties include the effects of holdup location, geometry, and matrix. 
According to p. 3 of Reference 3, the matrix errors are currently set to zero for gram 
loadings of < 0.2 g/cm (6 g/ft) and to 19 % for higher loadings. These are 
unrealistically low matrix error estimates based on past experience with holdup 
measurements (see Section 3.8). 

The assumption of zero systematic measurement error in the SAS code yields a much 
lower propagated uncertainty than otherwise, and causes most of the calculated 
uncertainties to be in the range of 11 to 19% for the building stratification plans, with 
many being just under 19 % . (Note that in principle the uncertainty formula used in the 
SAS code can also overstate uncertainties in the extreme case of extensive measurement 
coverage, highly nonuniform deposition, and very accurate measurements. Under these 
circumstances, the standard deviation in the code represents the variation in actual 
holdup from location to location, which can have little to do with estimation error.) 

D. Recommendations on Variance Propagation 

1. If the propagated errors generated by the error estimation code are to be 
reported, or if these errors are to be used later by the detailed holdup 
measurement program to determine the need for duct remediation, then non- 
zero field and matrix uncertainties and systematic errors should be included in 
order to obtain more realistic error estimates. 

2. The good uncertainty values required to obtain defensible field and matrix 
uncertainties would require additional controlled measurement studies, which 
must be balanced against the potential benefits. However, many uncertainty 
values may not have to be rigorously justified, and others Could be investigated 
later, so that efforts to determine defensible uncertainties should be carried out 
only where significant duct remediation work may be avoided as a result. 
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3.8 Information on Past Experience and Holdup Modeling 

A. Some Past Duct Holdup Measurement Experience 

Kerr-McGee Facility (1975) R. S. Marshall, who has worked at Kerr-McGee, Rocky 
Flats, and Los Alamos, reports that typical measured far-field duct holdup values at 
Ken-McGee were in the range of 0.5 to 2 g/ft (Ref. 9). Wet process areas were 
typically a factor of 5 lower. Both dry and wet values were very sensitive to the 
quality of the glovebox primary filter installations. Marshall's experience at Kerr- 
McGee and other facilities suggests that duct holdup is rather sensitive to duct 
construction, materials processed, and glovebox prefilter location, type, and integrity. 
Such differences can cause variations on the order of a factor of 10 between duct 
holdup in different facilities. 

At Kerr-McGee, process pipes had residual holdup of about 0.3 g/ft and glovebox 
surfaces had residual holdup of about 2 g/mz after destructive cleaning with acid 
solutions. (A residual holdup of 2 g/mz corresponds to about 0.5 g/ft for a 10-inch 
diameter air duct.) 

General Atomic Facilitv (197n Disselhorst, et.al. (Ref. 10) measured holdup in 
this uranium facility using far-field measurements at 3-foot intervals. They reported 
typical holdup values of 1 to 2 g/ft. Typical measurement errors with respect to 
cleanout were 3 to 10% (one a) in low-background areas and 20 to 30% in high 
background areas. No buildup in the holdup was observed during a 17-month study 
period. 

Los Alamos HEU Facility C198l) 
a total measured buildup of 500g in the Bir ducts (Ref. 11, 12). Measured far-field 
holdup ranged from 1 to 10 g/fi, with 30 g/ft at one major junction. A typical value 
was 3 g/fi, with higher holdup at junctions, elbows, and seams. There was some 
evidence that the evaporation and condensation process caused material movement. 
Duct holdup was worst in areas where a single duct system served both wet and dry 
processing areas. Measurement errors were estimated to be 25% (one a) from the 
scatter in different measurement geometries. There was no comparison with cleanout. 

This small facility was operated for 24 years, with 

Westinehouse Hanford %Plant 
were measured in 1989 and in several earlier years using shielded and collimated NaI 
detectors in far-field geometry (Ref. 13). The ducts after the final HEPA filter 
plenums contained only a few grams, but the ducts preceding the filters contained large 
quantities of plutonium. Exhaust stack manifold ducting averaged 0.2 milligrams per 
square foot, and some process piping averaged 30 to 50 g/ft. About 1000 of the 4000 
feet of process ducting had Pu concentrations greater than the minimum detectable limit 
of 0.2 to 0.3 g/ft. Measurement error estimates were not reported. 

The air ducts in the Plutonium Finishing Plant 

Savannah River HEU Facilitv (1990) 
air ducts, were measured ushg a mix of contact and far-field measurements. Duct 
holdup was worst in areas where a single duct system served both wet and dry 
processing areas (Ref. 14). 

Savannah River FB-Line (1990-1991) 
reprocessing area are being measured using far-field NaI and HPGe; the ducts are far 
too inaccessible for contact measurements. Duct holdup was worst in areas where a 
single duct system served both wet and dry processing areas (Ref. 14). 

All holdup areas in this facility, including 

Air ducts in the FB-Line plutonium 
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Los Alamos Phase I Measurements (1990) At Los Alamos, the semi-quantitative Phase 
I duct measurements, using uncollimated NaI detectors in contact with the ducts, have 
been completed. The quantitative Phase II measurements, using NaI and HPGe 
detectors in far-field geometry, are just beginning. The results from Phase I suggest 
that average duct loading values may be comparable to those identified in other 
facilities, but that the use of average numbers may be misleading. The obseryed 
loadings vary widely - over two orders of magnitude - depending on location in the 
facility, and are often concentrated in only a few accumulation points. 

B. Duct Holdup Modeling Experience 

1. 

2. 

Uranium holdup in ducts and filters for a dust generating operation was modeled 
at the General Atomic Facility by Pillay, et. al. (Ref. 15). Holdup 
measurements were made using a fission product tracer. After 10 kg of 
simulated throughput, duct holdup was about 0.7 g/ft in the straight sections and 
about 1.3 g/ft at the elbows. Under these controlled conditions, measurement 
accuracy relative to cleanout averaged 20%. 

The dust-generating study determined holdup as a fraction of throughput and as 
a function of air flow rate. For high air-flow rates like those used at Rocky 
Flats, the total holdup in the ducts was about .OOO1 to .OOO2 g per gram of 
throughput (Ref: 15). 

C. Expected Normal Holdup for Rocky Flats Ducts 

1. 

2. 

3. 

4. 

Past facility experience shows that duct holdup is expected to be in the range of 
0.5 to 2 g/ft, or even higher in heavy use areas or areas where glovebox 
prefilters were bypassed. The present Rocky Flats measurement results are 
consistent with this experience within the wide tolerances expected for different 
facility processing materials or for the presence or absence of glovebox 
prefilters. The Rocky Flats measurement results also show higher holdup in 
areas where ducts serve both wet and dry process lines. 

Also, the total holdup measured at Rocky Flats is very roughly consistent with 
past throughput, assuming a ratio of grams holdup to grams throughput similar 
to that measured during holdup modeling studies (Ref. 15). 

Based on limited past experience with pipes and gloveboxes that were subject to 
destructive cleaning with acid solutions, it is expected that, d e r  cleaning, ducts 
at Rocky Flats will still contain roughly 0.3 to 0.5 g/ft of holdup that is fixed in 
the walls of the ducts. 

Based on some available past experience, holdup measurement errors at Rocky 
Flats are expected to be at least 20 to 30% (one 0). Factors that could yield 
higher measurements errors include high background, lack of controlled 
conditions, and variations in material distribution beyond those assumed by the 
contact measurement model (see Section 3.5). 
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D. Expected Buildup Rates for Rocky Flats Ducts 

1. Holdup modeling studies at General Atomic and 'Los Alamos (Ref. 15) show 
that holdup initially increases steadily and linearly with throughput. Later, 
holdup levels off, as shown in Figure 2 from Reference 15. At General 
Atomic, air ducts seemed to reach a plateau in about two years of facilhy 
operation (Ref. 10). 

Figure 2 also shows that holdup can again increase later if there is a change in 
the process. It is not known if a duct that is cleaned out after reaching holdup 
equilibrium would again show an increase with time if processing resumes. 
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Fig. 2. Holdup of uranium oxide in a calciner as aflnction of throughput, as 
determined during a controlled holdup experiment. This figure is an example of 
the leveling out of holdup at a steady-state value after an initial buildup. At a 
throughput of 40 kg, an increase infirnace temperature resulted in another 
buildup @om Ref 15). 
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3.9 Evaluation of Previous NDA Data 

This activity is beyond the scope of this review, as described in the introduction. 
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3.10 

A. Strengths of the Present Holdup Measurement Program 

Summary of Strengths, Weaknesses, and Recommendations 

1. 

2. 

3. 

4. 

5. 

6. 

The present Rocky Flats duct holdup measurement program is, to the best of 
our knowledge, the largest holdup measurement program in the DOE complex, 
with the possible exception of the Gaseous Diffusion Plant programs. We are 
impressed with the high level of effort and thorough preparation that is being 
committed to the program. 

The duct holdup measurement program has the services of six measurement/ 
analysis technicians and several staff scientists. Several of these scientists have 
interacted with Los Alamos safeguards personnel on holdup measurement issues 
during the past five years, and four of the technicians attended the February 
1991 In-Plant Holdup School at Los Alamos. This constitutes a strong holdup 
measurements staff that is experienced in both far-field and contact 
measurement procedures. 

Adequate detectors and calibration standards have been obtained for the 
measurement program, and the measurements are being carried out with an 
appropriate level of measurement control, background subtraction, data 
spreadsheeting and analysis. The level of documentation is good, and provides 
a mechanism for validation and defensibility of the measurements (Sections 3.1, 
3.2, 3.3). 

The Statistical Sampling Program has, on the whole, done a good job in 
measurement allocation, and the duct measurement program. has generated a 
large quantity of data. More effort has gone into the attempt to estimate holdup 
errors and propagate them than has been expended elsewhere. Other DOE 
facilities could learn from the experiences of the Rocky Flats measurement 
stratification plan (Section 3.7). 

The present Rocky Flats duct holdup measurement results are consistent with 
past experience at other DOE facilities within the tolerances expected for 
differences in processing procedures and equipment (Section 3.8). 

The Safeguards Measurement Group has developed a new method for contact 
holdup measurements that uses the ratio of top-to-bottom contact measurements 
to compute the width of the holdup deposit in the duct (Section 3.2). The 
benefits of this approach are the following: 

a. The methodology for detector placement and measurement is easily 
reproducible. 

b. Detection sensitivity is good because the detector is in contact with the duct. 
c. Ducts that are close together or difficult to access are easier to measure. 
d. Systematic errors due to background subtraction are probably less than for 

far-field measurements. 

B. Weaknesses of the Present Holdup Measurement Program 

1. In the Statistical Sampling Program, the approach used to estimate holdup errors 
and propagate them assumes that the measurement errors are entirely random. 
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This ahroach underestimates the total building holdup error quoted in the 
Sampling Plan (Section 3.7). 

The new method for contact holdup measurements, which uses the ratio of top 
to bottom counts to obtain the width of the holdup deposit, has several 
drawbacks: 

2. 

a. The data analysis procedure is complex and difficult to understand 
(Section 3.3). 

b. The data analysis procedure requires assumptions about the distribution of 
material in the duct that are difficult to verify and not always true 
(Section 3.5). 

c. When the detector is in contact with a large duct, most of the duct interior is 
outside its field of view, resulting in a potential systematic error that causes 
the amount of holdup to be underestimated (Section 3.5). 

d. Contact measurements require roughly four times as much measurement 
time as far-field measurements (Section 3.2). 

Substituting the Critical Level for the point assay whenever it is determined that 
the Critical Level is larger leads inevitably to a positive bias in the total holdup 
mass in a duct. 

3. 

C. Recommendations for Strengthening the Present Program 

1. 

2. 

3. 

We recommend that the measurement team add some far-field measurements to 
its present program, with the mix of contact and far-field work to be determined 
on the basis of available time, background radiation sources, and other criteria 
deemed important by the team (Section 3.2). Far-field meaimrements can be 
made with BGO or NaI detectors as well as with HPGe detectors. The potential 
benefits of adding far-field measurements are as follows: 

a. A comparison of contact and far-field measurements can provide validation 
of the results, and can provide an error estimate. 

b. The far-field approach is less sensitive to the exact location and geometry of 
the held-up material, and is less likely to overlook localized concentrations 
of material. 

c. Because the far-field approach has a larger field of view, it is potentially 
faster (provided that a sufficiently sensitive detector is available), and should 
make it possible to reduce the level of effort expended per results achieved. 

We recommend that the choice of far-field or contact measurements be left up 
to each DOE facility, because both approaches have benefits and drawbacks. 
We recornmend that the far-field approach be the method of first choice where 
practical because it is less dependent on assumptions about where the holdup is 
located. 

In order to reduce the susceptibility of contact measurements to biases arising 
from assumptions that are made about the distribution of the holdup, we 
recommend that the following data analysis procedure be considered: 

a. For contact measurements where the top/bottom ratio is less than 1, use the 
new analysis model described in Ref. 2. 
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b. For contact measurements where the tophttom ratio is greater than or 

equal to 1, and the measured holdup is high, or the measured total holdup is 
close to 400 g (so that it is important to reduce the measurement error), use 
one of the following procedures: 

i. Evaluate the contact data as though the duct had an annular deppsition of 
holdup (Section 3.4, 3.5). 

ii. Use far-field measurements in addition to or in place of the contact 
measurements to provide a validation (Section 3.2). 

iii. Add lewright contact measurements to the top/bottom contact 
measurements to see if there is holdup on the sides of the duct. 
(Unfortunately, this option would now require roughly 8 times the 
counting time of far-field measurements.) (Section 3.5). 

4. We recommend integrating the unmodified point assay data over the length of a 
duct or major duct section to minimize the cumulative positive bias effect of 
propagating the Critical Level. If the point assays were computed at each 
measurement location using the net count rates, without changing the signs, then 
the integration of mass per unit length over the length of the duct would result 
in a more realistic value (Section 3.3, 3.6). 

5. We recommend assigning a background ROI above the assay peak for both 
holdup and background measurements to reduce the systematic errors inherent 
in the present method of background subtraction (Section 3.1, 3.3). 

6 .  The following changes in the measurement procedure are recommended for 
consideration, where appropriate: 

a. The measurement team could spend several minutes surveying the area, 
using whichever detector is at hand, to identify the presence of major nearby 
background sources (Section 3.2). 

b. The present procedure for background subtraction using a lead plug for 
either far-field or contact measurements is appropriate for most locations 
because the background is usually due to strong nearby sources that are 
below or to the side of the duct. Sideways displacement of the detector 
should be kept in mind for cases where the detector includes background 
sources within its field of view (Section 3.2). 

c. Compute the expected detector count rate from an infinitely thick, self- 
attenuating lump or line source to make sure such would be recognized if 
encountered. We also suggest that a flag be set in the software whenever a 
point assay is high enough that self-attenuation could be a factor, and that an 
appropriate correction be applied (Section 3.3). 

7.  If the propagated errors generated by the error estimation code are to be 
reported, or if these errors are to be used later by the detailed holdup 
measurement program to determine the need for duct remediation, then non- 
zero field and matrix uncertainties and systematic errors should be included in 
order to obtain more realistic error estimates. Defensible field and matrix 
uncertainty studies should be carried out only if significant duct remediation 
work may be avoided as a result (Section 3.7). The following approaches are 
recommended for consideration: 

a. Focus on the systematic errors associated with the deposit width calculation 
for contact measurements, or the background subtraction for far-field 
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measurements, whose magnitude is estimated at 50 to loo%, and try to 
reduce these error components (Section 3.5). 

b. Carry out a study or controlled experiments on these error components only, 
using the procedures discussed in Sections 3.5 and 3.7, that involve these 
major error sources. 

c. Or, use multiple measurements of the same holdup area from different 
directions or with different detectors to obtain estimates of these error terms 
(Section 3.2). The final propagated error should be substantially less than 
the current loo%, and this analysis should be able to justify a lower quoted 
measurement error. 

8. We recommend further comparisons of far-field and contact measurements to 
provide additional validation of the expected measurement uncertainties. Of 
particular benefit is the comparison with cleanout, although it is very difficult to 
collect all of the material and identify sidestreams. Because the air flow system 
is still on while cleanout is in progress, it may be necessary to change out filters 
before and after to get good values. 

Because holdup can first level off with time, and then increase again later if 
there is a change in the process, we do not know if a duct that is cleaned out 
after reaching holdup equilibrium would again show increased holdup with time 
if processing resumes (Section 3.7). If this becomes an important concern after 
resumption of operations, we recommend that Rocky Flats consider holdup 
measurement or modeling studies to determine (a) if there is fixed, non- 
removable holdup in the duct walls that can not affect the 400g critical limit, 
and (b) at what rate, if any, duct holdup builds up. 

9. 
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Author Resumes 
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focussed on methods and systems which use gamma-ray spectrometry to characterize 
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Data sheet for detector response calibrarion peformed by Frank Lamb wirh 
Greg Sheppard on April 3, 1991 (sheer I of 2). 

SAFEGUMIS HEASUREXENTS - HOLDUP HEASUREKENT DATA 
CALIBRATION PERFORMANCE DATA 

(BGO/NAI DAS 1 



Daia sheer for detecror response calibration performed by Frank Lamb rvirh 
Greg Sheppard on A p d  3, 1991 (sheet 2 of 2). 

. , . .. .- 

II SAFEGUARDS NEABUREHZNTS - HOLDUP MEASUREMENT DATA 
CALIBRATION PERFORHANCE DATA 

( BGOlNAI DAS 1 

DET. TYPE DET. SN. 
TIME /4 30 PMCA SN. OPERATOR 

COMP SN. OPERATOR A LT 300 
A -+ A07 

I, 1 

11 1 Pu STAND- DATA A C Q U I S I T I O N  ( ( E X  1 CHANNELS: 

NET COUNTS 
ROI 1 C 11 MEASUREMENT 

ROI 1 C 

:: CALCULATIONS AND COMMENTS I 



Pu 
GROSS 
COUNTS 
2707 
2842 
2742 
2553 
2674 
2688 
2720 
2567 
2417 
2415 
2426 
2634 
187 I 
2198 
1493 
1820 
1173 
1340 
845 
989 
557 
670 
338 
433 
240 
264 
221 
243 
193 
233 
210 
209 
172 
187 

BGO detector response calculations for calibration pe formed by Frank Lamb rvirh 
Greg Sheppard on A p d  3, 1991. 

~~ .. .- -_- 

69040391 .XLS 

BGO/NAI CALIBRATION 03-Apr- 91 

DETECTOR: NT069 

LIVE TIME (SEC): 300 

SOURCE NET 
EGO. POSITION COUNT 
COUNTS IN CM (Cx) RATE ERR. 
173 
173 
173 
173 
173 
173 
173 
173 
173 
173 
173 
173 
173 
173 
173 
173 
173 
173 
173 
I73 
173 
173 
173 
173 
173 
173 
173 
173 
173 
173 
173 
173 
173 
173 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 OUT 
2 BACK 
4 OUT 
4 BACK 
6 OUT 
6 BACK 
8 OUT 
8 BACK 
10 OUT 
10 BACK 
12 OUT 
12 BACK 
14 OUT 
14 BACK 
16 OUT 
16 BACK 
18 OUT 
18 0Ac% 
20 OUT 
20 W C K  
22 an 
22 W K  
24 OUT 
24 BACK 

8.4467 0.1789 
8.8967 0.1830 
8.5633 0.1800 
8.2667 0.1172 
8.3367 0.1779 
8.3833 0.1783 
8.4900 0.1793 
1.9800 0.1745 

7.4733 0.1696 
7.5100 0.1699 
8.2033 0.1766 
5.6600 0.1507 
6.7500 0.1623 
4.4000 0.1361 
5.4900 0.1488 
3.3333 0.1223 
3.8900 0.1297 
2.2400 0.1064 
2.7200 0.1136 
1.2800 0.0901 
1.6567 0.0968 
0.5500 0.0754 
0.8667 0.0821 
0.2233 0.0677 
0.3033 0.0697 
0.1600 0,0662 
0.2333 0.0680 
0.0667 0.0638 
0.2000 0.0672 
0.1233 0.0652 
0.1200 0.4651 
-0.0033 0.0619 
0.0467 0.0632 

1.4800 0.1696 

EFFECTIVE LENGTH (L)- 

NE. UNC. 
8.2317 0.0559 

7.8567 0.1225 

6.2050 0.1107 

4.9450 0.1008 

3.6117 0.0891 

2.4800 0.0778 

1.4683 0.0661 

0.7083 0.0557 

0.2633 0.0486 

0.1967 0.0474 

0.1333 0.0463 

0.1217 0.0461 

0.0217 0.0443 

15.601 +/- 

POINT CALIB. CONSTAM ( KC )=  1.32lE-04 

LINE CALIB. CONSTANT (LCC)- 4.233E-04 

AREA CALIB. CONSTANT ( K C ) =  1.2986-03 

+/- 

+/- 

+/- 

ENERGY: 375-414 KEV 

PMCA SN: 9180 

COMPUTER SN: N/A 

CM Ci/Co UNC. Ai Af(CI/Co) UNC. 

0 1.0000 0.0096 3.1416 3.1416 0.0302 

4 0.7538 0.0144 50.2655 37.8899 0.7236 

6 0.6007 0.0129 75.3982 45.2939 0.9734 

8 0.4388 0.0112 100.5310 44.1082 1.1289 

10 0.3013 0.0097 125.6637 37.8594 1.2155 

12 0.1784 0.0081 150.7964 26.8985 1.2246 

14 0.0860 0.6068 115.92y 15.1387 1.1949 

16 0.0320 0.0059 201.0619 6.4320 1.1877 

18 0.0239 0.0058 226.1947 5.4041 1.3039 

20 0.0162 0.0056 251.3274 4.0709 1.4141 

22 0.0148 0.0056 276.4602 4.0862 1.5484 

24 0.0026 0.0054 301.5929 0.7938 1.6214 

SUH SUH 
ci/co UNC. Ai(CI/Co) UNC. 
4.400 0.0345 254.3113 3.8505 

FFECTIVE AREA (A) +/- UNC.= 254.3113 3.8505 

1.38E-01 

2.66E-06 

8.51E-06 

2.61E-OS 



Data sheet for holdup measurements performed by John Craven and Mike Maul with 
Norben Ensslin on April 3-4, 1991. 



Dara sheet for pefonnance check of BGO derecror #NO56 on April 3, I991. 

R O I  MSMT. 
(CHS) ROI2 C 

315-660 

3 15-660 

-=.= .- - 

I SATEGUARDS HExSUWMENTS - HOLDUP MEASDREHENT DATA 
Ba-133 WORKING STANDARD P E E L P O W C E  CBECK 

(BGO/NAI DAS) 

SHUT DOWN P.4SS NET MSMT. ACC. INVESTIGATION 
BKGD. CTS. PEAK CENT. ( 2 C  LIMITS) (30 LIMITS)  FAIL  

RO12 C ROI2 C CENT. (+20) LCL / UCL LCL / UCL P/F 

I 

Ir - i 

PROBLEM (S ) : 

ALT (SEC) 100 1 
DET. SN. /Prod d 
PMCA SN. 9/81 

1-17 

' 

, FOIL SN. I , < ~ - J  5 COMP. SN. - OPERATOR 

F Q I L  I '33Ba 

I 

~~ ~~ ~~ ~ ~ 

RESOLUTION : DATE : 

COMMENTS : 



Dara sheet for peformance check of BGO detector #NT066 on April 4 ,  1991 

I SUEGUARDS HEASUREHEWTS - HOLDUP KEASUREHENT DATA 
Ba-133 VORKING STANDARD PERFORHANCE CHECK 

( BGOINAI niw 

MSMT. ACC. INVESTIGATION SHUT DOWN PASS:  
MSMT. BKGD. CTS. PEAK CENT. ( 2 0  LIMITS) ( 3 0  LIMITS) F.4IL;  

LCL / UCL P/F 

1 
315-660 1 ! 

1 S’ISTEM APPROVED FOR OPEWTION: YES OR NO I 

I NET RO 1 

3 15-660 

‘ C H S )  R O I Z  C R O I Z  C RO12 C CENT. ( 2 2 0 )  LCL / UCL 

RO I 
( C H S )  

3 1 5 - 6 6 0  

PROBLEM(S) : I 

RESOLUTION : DATE : I 
ACTION(S) : I 

NET MSMT. ACC. I N V E S T X G A T I O N  SHUT DOWN PASS1 
MSMT. BKGD. CTS. PEAK CENT. ( 2 0  LIMITS) (30  LIMITS) F A I L  
ROI2 C ROIZ C RO12 C CENT. (220) LCL / UCL LCL / CJCL P / F  

-7 ____ ~~~ ~ 

i 
I 

REVIEWED BY: DATE : i 

COMMENTS : 

RO S 
(CHS) 

DET. TYPE 

DATE I I ALT (sic) 100 

FOIL SN. 1 11 COMP. SN. I OPERATOR jl 

T I 3 E  I I DET. SN. 
FOIL I 13’Ba - 1  PMCX SN. OPERATOR . 

NET MSMT. ACC. INVESTIGATION SHUT DOWN P.4S51 
MSMT. BKGD. CTS. PEAK CENT. (20 LIMITS) ( 3 0  LIMITS) F.AIL 

ROI2 C R O I Z  C R012 C CENT. (220) LCL / UCL LCL / UCL P/F 
3 15-660 

315-660 
I 

I I 1 
I SYSTEM APPROVED FOR OPERATION: YES OR NO 

PRO B L E M  ( S ) : - 
1 



Holdup calculations for data acquired on April 3, 1991 by John Craven and Mike Maul 
with Norben Ensslin. Cornpurations were based on the existing width model, and were 
performed in the . . . '_ standard .- manner. --- 

I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PROGRAM HOLDUP: INPUT DATA AND RESULTS 
PROGRAM VERSION: HOLDUP.VO1.12 
LAST VERSION: 0 7 / 1 7 / 9 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LINE ASSAYED: M 0 D . A  LANL REV. EMPLOYEE NUMBER: 5 1 5 9 5 6  

BUILDING: 707 DETECTOR TYPE: BGO 

ROOM: MOD A DETECTOR I . D . :  NT066 

ANALYSIS DATE: 0 4 / 0 4 / 9 1  COW. CONSTANT = . 0 0 0 6 3 8  GM/CM-2 

DATA ACQUISITION DATE: 0 4 / 0 3 / 9 1  

POINT NUM BAR PIPE PT.TO REL. NET BOTTOM NET TOP COUNT POINT 
CODE D I M .  PT. ( IN)  POS. COUNT COUNT RATE ASY AREA 

10 75 (CM) (GM/CM) (GM) 

J 

7 
8 - 

0 5 2 6  10.0 .o . o  a -17* 
0 5 2 5  10.0 10.5 26 .7  -21*  
0524  10.0 1 2 . 0  5 5 . 2  35325T 
0 5 2 3  1 0 . 0  1 2 . 0  8 7 . 6  1 8 1  
3 5 8 1  10.0 10.5 1 1 4 . 3  2 5  
0522  10.0 1 3 . 5  1 4 8 . 6  2 0  
3582  10.0 1 4 . 0  1 8 4 . 1  -29  
0 5 2 1  1 0 . 0  1 3 . 0  2 1 7 . 2  -31*  
3583 1 0 . 0  1 4 . 0  2 5 2 . 7  53 
5152 10.0 13.0 285.8  -9 
3584 1 0 . 0  1 4 . 0  3 2 1 . 3  10* 

-8 
-3 0 
324*  
2 3 8 *  

7 3 *  
2 4 *  

4 *  

39* 
2 6 *  

-81 

-27 

.OO  .0016** . 0 4  

. O O  . . 0 0 1 7 * *  
4 . 4 1  . m i @  

3 . 2 4  , 0 4 6 8  . 8 2  
.99 . 0 1 4 4  . 3 3  
. 3 3  . 0 0 4 7  , . 1 2  
.os .0020** .07 
. o o  .0022** . 16 
. 5 3  . 0 0 6 6  . 1 9  
. 3 5  .0051 . 1 3  
. 1 4  .0022** . o o  

4 1-2- 
( * I N D I C A T E S  THE SIGNIFICANT ASSAY POSITION ) 

( * *  INDICATES THAT THE ASSAY I S  BELOW THE LLD) 

*********************************************** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FINAL RESULT: TOTAL PU HOLDUP BETWEEN BAR CODES 

0 5 2 6  AND 3 5 8 4  
1 %  

TOTAL HOLDUP - y. +/- 2 .  GRAMS 

TOTAL P I P E  LENGTH ASSAYED = 11. FEET 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*********************************************** 


